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PREFACE TO THE SECOOT) EDITION, 



A SECOND edition of this work has been 
called for, and as Congress has taken no action 
on the subject, the author avails himself of the 
opportunity to add further arguments in favor 
of technological education.. The topic cannot 
be too much discussed, and certainly merits the 
serious consideration of every good citizen. 

There are many engineers in the Navy who 
would'be equally disposed to agitate this sub- 
ject and assist in the reorganization and im- 
provement of the corps, but their position 
restrains them, and they cannot expose them- 
selves to the ungrateful task, which is unavoid- 
able in the elucidation of the existing system. 
The lot seems to have fallen on the author to 
take the bull by the horns, and he fearlessly 
courts an open contest, if such can only be had, 
with the organized prejudices which now em- 
barrass the subject. If in fault, he is open for 
correction. 
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It is to be regretted that this theme cannot 
be fairly treated- without attacking, as it were, 
functionaries who only happen to be illustra- 
tions of a decrepit system; but it is to be 
hoped that those gentlemen who have been 
thus particularized will join in the proposition 
at issue. 

If the engineers themselves are not suffi- 
ciently alive to the importance of this subject 
from a deficiency of experience in applied 
science, of course it will not be expected that 
politicians, who have no light to guide them 
but a sense of duty, can possibly assume the 
initiation of any such reformations as these. 

What is true in reference to the interests of 
the Federal Government, applies with equal 
force to the civil interests of all the separate 
States, each of which ought to have its Techno- 
logical Institute, to give the entire profession 
of Civil and Mechanical Engineers that com- 
pleteness of qualification for their career, which 
by the existing system is so rarely and so im- 
perfectly attained. 

Philadelphia, March 28, 1866. 



PREFACE TO THE FIRST EDITION. 



Much consideration has been given to the 
propriety of publishing the acconipanying views 
on technological education, as they were ori- 
ginally not intended for that- purpose ; but as 
some steps must be taken in that direction 
before long, in compliance with what many 
deem an imperious public necessity, the hesita- 
tion was at length, relinquished. In order to 
render the necessity of technological education 
more conspicuous, occasional reference has been 
made to actual cases of engineering disappoint- 
ments and mismanagement, gi-owitig out of a 
want of applied science. Engineers are often 
intrusted with responsible stations, without 
being possessed of adequate knowledge of their 
profession, or without having, gradually and 
fairly earned such-appointment in the field of 
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exgenlinee. It is not yet time to attempt to 
classify the rank and position of engineers in 
the several departments, civil and military, on 
land and sea, as, for obvious reasons, it must 
be deferred. 

The relation between engineers, and sailing 
officers on board of steamers has,.in all coun- 
tries, been a troublesome question, ever since 
the introduction of steam. The engineer knows 
hin;self to be in a very responsible position, 
not always appreciated by his captain. He is 
often of very limited education, and when he 
finds himself imposed upon, perhaps inadver- 
tently uses stronger language than necessary 
in his defence, which has often been the cause 
of discord. 

Education is necessary to the engineer, not, 
however, principally for enabling him to please 
the captain, but for the proper performance of 
his professional duty generally, and he will, at 
the same time, accord and harmonize better 
with the sailing officers by whom he is sur- 
rounded. 

The Corps of Engineers in the United States 
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Navy is on a better footing than that of any 
one in Europe, but, nevertheless, it does not 
enjoy the standing due to its important office, 
either in respect to its rank or its education. 
The United States Navy has now taken the 
lead in the new tactics of naval, war fare, and 
through a decisive experience has developed 
the necessity of making a corresponding change 
in its executive organization, as regards the 
rank and learning of its engineers. 

What is required here cannot be learned in 
foreign countries, for whilst our present expe- 
rience is far ahead of theirs, neither their prac- 
tical knowledge nor their accepted theories are 
sufficient or altogether applicable to our case. 
It is therefore necessary for the Corps of En- 
gineers, relying only upon their characteristic 
enterprise and independence of mind, to carry 
their achievements still further onwards, and 
by qualifying tliemselves to maintain with dig- 
nity their appropriate rank in the service, at- 
the same time preserve their well-earned posi- 
tion as pioneers in their professional career. 

The writer has for many years felt the 
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greatest interest in the progress and standing 
of this Corps, and respeetfully begs leave to 
submit herewith, for their consideration, some 
views on this subject, parts of which have al- 
ready been communicated to the Congressional 
Committees on Naval Affairs, as also a further 
communication to the Secretary of the Navy. 
JOHN W. NYSTEOM. 
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CHAIRMAN OF THE COMMITTEE 

OF 

NAVAL AFFAIES, U. S. CONGRESS, 
WASHINGTOJT, D. C. 

Sir : The object of this paper is to invite the 
attention of your Committee, and of Congress, 
to a subject of general interest to the country, 
and one of particularly great importance to the 
power and prosperity of its navy. 

The subject is that of establishing a Technolo- 
gical Academy for Naval Engineers, and for the 
promotion of sciences bearing on the immediate 
necessities of the country in that Department. 
Should it receive your Committee's attention 
and approbation, and should you consider it 
worthy of being submitted to Congress, the 
undersigned is willing to suggest the requisite 
plans and method for its organization. 
I have the honor to remain. 

Your obedient servant, 
JOHN W. NYSTEOM, 

Engineer. 
Makkoe House, 
Philadelphia, Deo. 21, 1863. 



ON 



TECHNOLOGICAL EDUCATION. 



The immense natural resources of the New 
World are confided to the hands of an enter- 
prising, ingenious, and happy people; yet 'their 
time, their money, their life, and their credit, 
in imitation of the Old "World, are lavishly 
wasted, through a deficient knowledge of those 
physical laws which constitute the most essen- 
tial element of all human enterprise. Under 
this impression the writer has striven, by means 
of various scientific articles on these subjects, 
to enforce the necessity of enlarged reform, 
both in the study and the application of these 
laws, which he modestly hopes may have some 
good effect. 

The efforts of a single individual, however, 
when elevated to subjects of such magnitude, 
only result in perpetual and unprofitable 
struggles with organized interests and preju- 
dices, and fail of their purpose through the 
2 
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misconceptions which are inseparable from new 
and original subjects. From its novelty alone, 
a new and valuable idea is frequently con- 
demned on bare supposition, and the writer has 
thus labored in vain, under the greatest disad- 
vantages (accompanied with great expense), to 
rescue the proposition which he is now about 
to submit to your committee, from that neglect 
to which, for many years, it has been doomed 
by the indiflPerence or imperfect appreciation 
of those around him. 

Up to the present day, the knowledge of 
steam engineering, in which we take so much 
pride, and which constitutes a most essential 
part of our national existence, is far behind our 
general knowledge of science. Our marine 
engines and boilers are not only unnecessarily 
complicated, but prodigally extravagant in 
their consumption of fuel; whilst not unfre- 
CLuently new machinery fails to accomplish ex- 
pected results from the want of knowledge of 
the physical laws bearing on the problem. 

Only a few years ago there was not a single 
" steam propeller" in the United States with 
properly constructed air-pumps and foot- valves. 
Some of the propellers designed to go to Eu- 
rope succeeded in making one passage, whilst 
others broke down at but a short distance from 
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the shore, and returned ; most of them existed 
but a short time, and involved the loss of mil- 
lions of dollars to the country, to say nothing 
of the efifect upon its scientific and mechanical 
reputation. Enterprising merchants, who at- 
tempted to establish lines of steamers to .Europe, 
became discouraged, and perhaps ruined by 
their failure, and the result now is that we 
have not a single steamer in the European 
trade. A few names of steamers may be re- 
ferred to in verification of these remarks — 
namely, the frigate San Jacinto, which broke 
down through disarrangement of her air-pumps 
and foot- valves; the La Fayette also (whose 
machinery contained, perhaps, the worst , air- 
pumps ever constructed); the City of Petersburg ; 
Ben Franklin; and the Frigate Merrimae, which 
suffered from the breaking down of her foot- 
valves on her passage from America to Eng- 
land, in 1856, and which had to be imjiroved 
in England. In addition to these, a great many 
other first-class American steamers experienced 
the same fate for want of applied physical science. 
When the writer became acquainted with 
these defects, he attempted to correct them by 
explaining the physical laws in operation, 
which, at the time, was only received with 
ridicule, and derided as theoretical. He then 
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worked out practical formulas, which were 
published in the Journal of the Franklin Insti- 
tute, of Philadelphia, and in his "Pocket-Book 
of Engineering," giving a solution of the prin- 
ciples under which the air pump and foot valves 
operate, after which many errors were cor- 
rected ; but up to the present day there is no 
other publication on the subject. That publica- 
tion has been copied and republished in Europe. 

Blunders of this kind are still going on, by 
means of which millions of dollars are wasted, 
and our national reputation impaired from this 
general want of applied physical science. 

The physical laws connected with the opera- 
tion of fresh water or surface condensers, with 
the combustion of fuel, with the nature and 
properties of steam ; with the dynamic equiva- 
lent, the conducting economy, and other pro- 
perties of heat, are yet but partly known, and 
that by but a few scientific men in the world ; 
and in no case are they worked out to a prac- 
tical shape, with formulas intelligible to the 
engineers in the shop. 

We find by science that the theoretical effect 
of one pound of pure carbon consumed per 
hour, is over five horses, whilst in our present 
practice it requires several pounds of coal per 
hour for each horse power. 
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Fresh water condensers have always given 
trouble ; the combustion of fuel requires most 
earnest attention, not so much for the cost of 
fuel, as to enable us to navigate long distances 
with great speed, and with something more on 
board than boilers, machinery, and fuel. The 
Navy Department is now having steamers built 
intended for great speed, the arrangements of 
which plainly show a want of proper knowledge 
in steamship performance. 

The knowledge of steamship performance is 
yet at a very low point, and for want of it no 
accurate record can be kept, by which to com- 
pare the true qualjty of performance of one 
steamer with that of another ; or to determine 
what will be the performance of a steamer con- 
structed according to given data. 

Ingenious contrivances in machinery and 
steamers, with plausible promises of high speed 
(up to twenty and thirty miles per hour), are 
frequently met with, whose plans, sometimes 
confidently accepted, often result in complete 
failure and disappointment, which properly 
applied science would have avoided. The truth 
of this observation will probably be realized 
by a wild scheme now before the City Councils 
of Philadelphia, proposing a line of steamers to 
Europe, which has for several years remained 
2* 



18 TECHNOLOGICAL EDUCATION 

in a nebulous conditioD, unsupported by that 
scientific reasoning by which alone any one 
could be rendered confident of the result. 

Some twelve years ago, the writer was com- 
piling a Pocket-Book of Mechanics and En- 
gineering (since published in repeated editions); 
he analyzed many previously published -data, 
and, with the aid of his own experience, re- 
duced the law of steamship performance to a 
practical rule to work by. In one of the most 
respectable journals of the country were found 
some plausible data on steamship performance, 
which threw the writer into the utmost confu- 
sion, and in their solution involved him in 
great expense of travel and practical investiga- 
tion, only to find them bold exaggerations. 

The Navy Department have made very ex- 
tensive experiments on the expansion of steam, 
which were commenced in New York some 
four years ago. The well-known Erie expan- 
sion experiments, the Washington Navy Yard 
and Old Point boat experiments, and the ex- 
pansion experiments made lately at the Novelty 
Iron Works, N. Y., were all carried on in the 
apparent attempt to overthrow natural laws, 
and establish physical by-laws. The engineers 
are manifestly not familiar with the scientific 
principles which belong to the q^uestion. 
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The natural effect in a given quantity of 
steam, of given temperature and pressure, is as 
specific as the natural effect in a waterfall. "We 
have only to strive, by improvements in the 
arrangement of our steam-engines and boilers, 
to utilize the greatest possible percentage of 
that natural effect, as is done by water wheels 
and turbines. If the Navy Department find 
no utility in the expansion of steam, it only 
exposes its position in the science of steam en- 
gineering, which can be no indication of what 
may be, done by other parties. 

Steam-engines, like water-wheels and tur- 
bines, utilize widely different percentages of 
the natural' effect, even with equal grade of 
expansion, which may be seen in the results of 
the different experiments made on different 
engines by the Navy Department. The result 
of each experiment is applicable only to that 
peculiar arrangement of the engine and boiler 
experimented upon, and no more. 

The maximum or natural work K, per unit 
of heat in steam, is in footpounds. 

S 
144 P ( V—V) {2-3 log. — -f 1)* 



H'V 

* See Nystrom's Pooket-Book, 10th edition; for the value 
of these quantities. 
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P = total steam pressure per square inch. 

H' = units of heat per cubic foot of the 
steam P. 

V = volume of the steam compared with 
water. 

S = stroke of steam-piston, in inches. 

I = part of the stroke under which steam is 
fully admitted, in inches. 

The natural effect of the heat in the steam 
in horse-power, will be — 

_ NE 

550 T' 

N ^^ total number of units of heat passed 
through the steam-engine in the time T in 
seconds. The more of this natural effect that 
can be utilized, the more perfect is the steam- 
engine. It is time to speak about steam-engines 
as we do about water-wheels and turbines — 
namely, " how many per cent, it utilizes of the 
natural effect." 

On the writer's last arrival from Europe, 
Dec. 1860, he found the anti-expansion question 
receiving considerable attention by engineers. 
He published, in a scientific journal, some de- 
monstrations to prove the folly of the Erie ex- 
pansion experiments; and, although ridiculed 
in a New York paper, they produced good 
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effect. Again, he published in his Pocket-Book 
tables for expansion of steam (hitherto the most 
complete in print), and its connection with 
superheated steam, which also had a great 
effect, as subsequent experiments resulted in 
their favor. 

The Navy Department is here alluded to 
because their blunders are more perfectly ex- 
posed to view, and therefore better known, but 
the evil is none the less serious in private en- 
terprises. 

The writer is in possession of knowledge 
which would greatly contribute to clear up 
these difficulties, and advance the character of 
our steam engineering, but he cannot undertake 
the great expense of bringing it before the 
^ublic, inasmuch as scientific knowledge is not 
sufficiently diffused among our mechanics and 
engineers to render such a work self-sustaining. 
In proof of which he would remark that pub- 
lishers are not willing even to get up such ex- 
pensive books as his "Pocket-Book of Mechanics 
and Engineering," of which copies are sent 
herewith. 

The manuscript of this book was submitted 
to publishers in the year 1853, some of whom 
had it examined by scientific and practical men, 
who condemned it as useless, and unfit for 
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publication. Some publishers objected to the 
great expense in bringing it out, whereupon it 
was carried through at the author's own ex- 
pense, which has now amounted to a consider- 
able sum. The small profit realized is not suf- 
ficient for the expense of experiments and in- 
vestigation attending each succeeding edition. 

I take it for granted that, in a matter so im- 
portant to the profession and the country, many 
others, much more highly qualified by their 
abilities and attainments than myself, would 
cheerfully co-operate in the efforts to further 
the main purpose here foreshadowed, if an or- 
ganized shape could only be given to it, or a 
nucleus of some kind formed upon which their 
efforts would be concentrated; and in view of 
the great expense attending it, I consider* it 
necessary, in due regard to the interests of the 
engineering profession, to lay the matter before 
your committee, trusting that it may receive 
due consideration, and that, possibly, means 
may be appropriated for that purpose. 

The labor attending the investigation of new 
and original subjects is immense ; particularly 
in exploring unknown regions of science, and 
bringing the products home to simple formulas 
and tables of a practical shape. There does 
not, at present, appear to be any one among us 
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who is willing or able, perhaps for want of 
time, to undertake such a laborious task, and 
very few know what is wanted, but too many 
suppose we have attained perfection. 

We have plenty of scientific books, mostly 
written by professors in colleges, having very 
little or no opportunity to apply their know- 
ledge in practice, and which are, therefore, des- 
titute of practical examples. 

We frequently find most valuable formulas 
given by scientific men in such a shape that it 
requires to know more than the author in order 
to employ them ; they are not only not trimmed 
to a practical shape, but even the meaning of 
letters is rarely explained in a technical laiU- 
guage. 

It is surprising to see how successfully ma- 
thematicians have contrived to keep the simple 
science of the "calculus" such a perfect mystery. 
It reaches very few among us, not from difli- 
eulty in learning it, but simply for want of its 
judicious application in practice. We find 
books on the calculus of several hundred pages 
without a single practical example, which makes 
the science difficult and tedious of acquisition, 
and when acquired, very rarely further deve- 
loped, but is stored away in the mind so that 
it cannot be found when wanted. We find 
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simple formulas occupying several pages in 
explanation, which, by a solitary example ap- 
plied to practice, would imprint it indelibly 
upon the student's memory. All this can be 
effectually corrected and improved by the es- 
tablishment of proper institutions for the in- 
struction of combined theory and practice. 

There is now a very distinct line drawn 
"between scientific and practical men ; the more 
we study and cultivate the branches sepa- 
rately, the more distinct will this line become, 
and the less will they understand one another, 
and may ultimately fall into irreconcilable es- 
trangement. The prejudice against science is, 
in our day, a very serious evil. 

Science is almost despised by many practical 
men, not always for want of valuation of it, 
but often because they do not understand it. 
A blind man can walk on roads and streets, 
but when he finds an obstacle must stop ; at a 
ditch he may tumble down into it, he cannot 
turn from his accustomed track. Such is the 
case with many practical and otherwise most 
valuable men working without a knowledge of 
physical laws. In order to follow up the im- 
provements of the age, the track pursued by 
our fathers must often be abandoned, and a 
new one seletted and surveyed for ourselves. 
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Without the application of science we go 
ahead without knowing where we are going. 
In verification of which we have plenty of ex- 
amples in engineering blunders, sometimes 
subjected to a committee of inquiry, which 
may result in the discharge of the engineer, 
accompanied by extravagant abuse of the de- 
partment concerned, and the evil only tempo- 
rarily remedied by substituting another, who 
will most likely not repeat the same blunders, 
but will do something worse. There is yet no 
attempt made to permanently remove these 
evils and secure success in our enterprises 
by proper institutions. This your committee 
will admit to be true, but may ask " how can 
the evil be removed and permanently cor- 
rected ?" 

America has taken the lead of the world in 
popular education. Its institutions are copied 
and imitated in Europe, but it remains for us 
to follow up and take the lead in the nobler 
and purer refinements of our nature. We have 
the best materials in the world by which to 
accomplish this object, the question is only as 
to the time and the means to be taken. 

We are a new people; our habits' and cir- 
cumstances are different from those of other 
3 
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nations, and our institutions must be organized 
accordingly. 

In Europe they have institutions for the dif- 
fusion of combined theoretical and practical 
learning, the want of which is most severely 
felt in this country. Institutions of that kind 
are of more importance in America than else- 
where, for the reason that mechanical skill and 
inventive ingenuity are here more extensively 
developed, and the want of applied science 
wastes away a proportionate quantity of time 
and money. 

It is very evident that we are behind some 
other nations in science, and, at the same time» 
it is certain that we have more science than we 
can properly manage or utilize. It is the ap- 
plication of science to practice which requires im- 
mediate attention and special institutions. 

It is very gratifying to know that "Congress, 
at its last session', passed a bill to establish a 
National Academy of Science, which will no doubt 
be of great value; but how can it be brought 
to bear advantageously on the general interest 
and immediate wants of the country. 

Considering the peculiar circumstances in 
which the country is now placed (the natural 
fruit of time and civilization), technological 
institutions are absolutely necessary to enable 
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US to rise gradually and surely to the position 
due to us among nations, and when once so 
raised, we would never fall, but become able to 
maintain with true dignity a National Academy 
of Science. 

Technological institutions will reveal and 
develop the talent and ability of the nation, 
and bring its immense natural resources to ac- 
count. It is technological institutions which 
alone furnish proper materials for a National 
Academy of Science. We have now among us 
many Newtons, Keplers, Berzelius's, Watts's, 
Fultons, &o. &c., but have no means of bring- 
ing them out ; but, on the contrary, plenty of 
ingenious contrivances to screen them from 
observation. They are not willing to enter into 
competition with oqf everyday rivals, while 
our national leaders, in their most earnest ex- 
ertion to find the right man for the right place, 
are continually imposed upon. This evil can- 
not be removed by the peculiar liberty alone, 
in which we take so much pride, but simply 
by a diffusion of useful knowledge through es- 
tablished institutions, which should constitute 
the true object of our national pride. 

At the present time, scientific attainments 
and true p'ractical knowledge are very little 
respected; physical laws, established by the 
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Creator of the universe, are often derided as 
theoretical ; ignoraoce has taken the lead, and 
rules in the ascendant, and often adopts that 
which is opposite alike to science, experience, 
and common, sense. 

The object of this paper, therefore, is to pro- 
pose the establishment of a National Technolo- 
gical Academy oi a high order, whose purpose 
should be, . by the combination of practical 
and theoretical instruction, to subserve a great 
public want, and at the same time to inaugu- 
rate a new era in the scientific and practical 
reputation of the American people. 

An institution of that kind cannot be a pri- 
vate enterprise, for in order to command the 
respect necessary to its existence and high 
purpose, it must be a public institution. 

The writer has been educated at the Royal 
Technological Institute, at Stockholm, where 
they have a complete set of workshops and labo- 
ratory, for the practical training of students be- 
tween lecture hours. It is not expected, neither 
is it necessary that the student shall become an 
accomplished mechanic, but the object is to 
concentrate his mind on the work about which 
he is studying and calculating. When confined 
only to books and blackboards, his conceptions 
rarely extend any further. He acquires the 
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knowledge by routine, as it were ; the study 
becomes tedious to him, and when brought to 
bear on practice, the most simple problem may 
confound him. When a student is brought up 
in the combined science and practice, however, 
he generally acquires a taste for work — good . 
workmanship and proper proportions — and the 
application of his science becomes a pleasure. 
He studies mathematics at the same time he 
learns drawing ; physics and mechanics at the 
same time he makes his tools and models for 
machinery. His science is applied as fast as it 
is acquired, and he will never forget it. When 
a student is thus equipped for his journey of 
life, he is able to bring such physical laws into 
action as to secure success in all his enterprises. 
He will be able to record and report back to 
the institute his future experience, by which 
the most thorough connection may be kept up; 
between science and practice. 

As things now stand, a man of most valuable 
information is not thus able to record his 
achievements ; in fact, he may not know him- 
self the very laws of his success; his experience 
and. valuable knowledge die with him ; his 
toiling successor will reiterate his blunders, 
and gain new experience by a new series of 
expensive trials and error, 
3* 
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Steam-engiHeering and sbip-building are arts 
in which we take the greatest pride ; still there 
is no institution in the country where we learn 
to construct a steamer completely, or acquire 
the physical laws under which it operates. 
Ship-building and steam-engineering are yet 
considered different professions, while they are 
so intimately connected in steamboats that it 
would be impossible to trace a line of separa- 
tion between thera. The shipbuilder cannot 
properly construct a steamer without the know- 
ledge of the machinery, neither can the engineer 
construct the machinery without a knowledge 
of the vessel ; yet we rarely find one who can 
undertake both, and the result is a discord of 
action. They do not please one another, and 
neither of thera takes that care in the whole 
arrangement which one controlling mind would 
do. In iron shipbuilding the two branches are 
more generally brought under one mind. 

We rarely find a superintendent or proprietor 
in a machine shop or shipyard, even in our 
navy yards, who can master an algebraical 
formula, or who is in possession of the rudi- 
ments of the science bearing on his profession. 
We have no school where we learn to make a 
proper working drawing, but students are 
taught to color drawings before they know how 



AND SHIPBUILDING. 31 

to construct a shadow ; the surface of every- 
thing is learned, and the substance obscured. 
We never find a complete working drawing of 
a steamer when its building is commenced ! In 
some cases, and even in the navy yards, the 
drawing is made afte,r the steamer is finished, when 
an extra bill for alterations and experiments 
augments the originally intended cost to an 
unsatisfactory sum, and often results in a com- 
plicated, arrangement of machinery, with don- 
kies, fans, pumps, cocks, and pipes placed about 
the vessel, here and there, like scattered stumps 
and logs in a forest, and requires a more skilful 
engineer to keep it in order than the one who 
contrived it. In fact, ingenuity seems to sur- 
mount any obstacle that could possibly be en- 
countered, for, in many cases, it shows no dis- 
position whatever to prevent or avoid the diffi- 
culty by application of proper principles at the 
outset; but a machine, on the contrary, is in- 
vented by which to overcome the obstacle, and 
the aggregate contrivance is denominated 
" practical." 

In verification of this, we have many exam- 
ples in the navy, but I will here refer to a new 
iron steamer, built for the merchant service, 
whose machinery is one of those ingenious 
contrivances we frequently meet with ; the 
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slide valves alone, for only one cylinder, are 
operated by twenty connecting rods and forty 
journals, occupying a height of some thirty-five 
feet in the vessel, and even then the engine 
cannot be reversed without throwing the ma- 
chinery out of gear, and reversing it by hand. 

We must, in all ages and in all countries, 
expect active and operative minds to come for- 
ward with ingenious contrivances, sometimes 
with wild ideas, ridiculous in design, and wrong 
in mechanical principles; but then it is the 
function of science and knowledge to step in 
and correct their aberration, or, if necessary, to 
guard against or prevent their further intro- 
duction until developed to an educated design, 
which otherwise might lead to destruction of 
life and property. 

On the other hand, most ingenious and valu- 
able ideas are sometimes submitted to the 
opinion of scientific men with no practical 
knowledge, who may condemn them from an 
imperfect perception of their merit. It is only 
a knowledge of the combined theory and prac- 
tice that can accomplish justice in all cases. 

The great prospect now opening before us 
in the present new era of naval architecture, 
as connected with the new national navy yard 
(to be established at League Island, we hope), 
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will necessarily, at some time, concentrate our 
serious attention upon the establishment of 
proper institutions, and a systematic corps of 
naval engineers ; but when will this necessity 
become recognized, and the proper policy be 
pursued ? Can it be accomplished by the efforts 
of conciliatory reasoning, or must it be forced 
upon us by the suffering and losses consequent 
upon engineering blunders, in which our pre- 
sent experience does not seem sufficient to 
bring us to the point? 

The science of war'has been taught by dis- 
asters, and has been gradually advanced by the 
force of proper institutions, and thorough dis- 
cipline to its present perfection. 

The navy has lately undergone a great and 
very important change, and is converted into an 
entirely new school, by the introduction of 
steam and armored vessels, which change has 
already reduced considerably the number and 
length of the ropes in the old school. America 
has taken the lead in this new direction, and is 
the first nation on the globe which- has brought 
the new naval school to the severest test, and 
demonstrated the necessity of a corresponding 
system of education. The old school is now 
proved to. be incapable of conducting our new 
naval tactics. 
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In the army there has been no such sudden 
change, but the old school has been gradually 
improved to its present condition by the instru- 
mentality of a properly organized corps of en- 
gineers, raised from the school-trenches to the 
highest accomplishment, and to the elevated 
rank which is due to theis profession. 

The works in the Departments of Ordnance, 
Fortification, and the Coast Survey, are of the 
highest order of science brought to a practical 
shape, unequalled in Europe. 

Now let us ask, on the other hand, what, in 
like manner, the navy has done? Or what is 
to be expected from a department not educated 
in the lights and principles of the new school? 
The Naval Engineer Corps, which ought to be 
the soul of the navy, is yet a mere tool to the 
old school, and destitute of proper organization, 
and with but a nominal discipline, for true dis- 
cipline is out of the question where the superior 
officers are disciples of an obsolete school. 

Our new. naval warfare is an engineering 
operation which requires special education and 
a well-organized corps of engineers, with the 
distinguishing rank due to that office. The 
efficiency of the navy is at the mercy of the 
engineers, and cannot possibly be maintained 
without due respect to that body. 
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As it now stands the naval engineer, although 
in a restricted insignificant position, can manage 
and manipulate the old school to suit his own 
personal interest and convenience. He has 
none above him to fear. His superior officers 
must trust his words oracularly, of which we 
have plenty of examples in the. navy. An en- 
gineer can argue that he has based his opera- 
tion on physical laws discovered by himself, 
without being requested to explain such laws. 
Could that be so if, education had done her 
proper work? or can we find such a case in the 
Departments of Ordnance, Fortification, or in 
the Coast Survey? 

The country abounds in engineering talent, 
of which there is plenty in the navy, but it is 
very rarely much developed, and still less no- 
ticed. It would be surprising were it other- 
wise. The old naval school is not qualified to 
select or appreciate the engineer of ability; 
but, even if noticed, he is necessarily doomed 
to an insignificant rank and a discouraging 
career. We have the result now before us — 
the rebel pirate Alabama and others sweeping 
our vessels from the seas; the numerous block- 
ade-runners can make regular trips in the midst 
of our boasting navy, on which we have spent 
hundreds of millions of dollars. 
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We admit that the naval operations are more 
difficult, and require manifold more science and 
talent than those of the army, but, in conse- 
quence, they require a corresponding culture 
in the officers in charge to enable them to 
bring such physical laws into action, as are 
involved in the success. This can be attained 
only by adequate institutions for their educa- 
tion in the magnificent combination of our new 
naval school^ which can only be properly esti- 
mated by being perfectly understood. Having 
now taken the lead of the world in naval war- 
fare, and being unable to derive from foreign 
sources, either by precept or example, the 
means of giving a proper organization to the 
navy, we must follow up and avail ourselves 
of our own hard-earned experience for this 
purpose. 

In our yet very feeble conception of the im- 
portance and of the range of knowledge in 
steam-engineering, it may be suggested that an 
apartment in the old Naval Academy, to be al- 
lotted to steam, would, perhaps, be sufficient 
for a school of engineers. But then let us re- 
flect for a moment on the immense spectacle 
now before us, of our growing fleet of ironclads 
and colossal navy yards, entailing such an un- 
bounded expense, and all of the great interests 
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thus involved and confided with our national 
reputation to the hands of the engineers, and 
we must perceive that the latter must not only 
be equipped with proper knowledge, but must 
command all the respect and confidence which 
naturally attach to their important office. It is 
therefore necessary that a technological school, 
designed for the special purpose, should be in- 
stituted, of the highest possible order, and not 
limited only to scientific attainment, but fore- 
most in the general application of the sciences. 

We have numerous examples in Europe, 
particularly in Eussia, where engineers are 
educated to only scientific attainments, and 
who, when they enter a machine-shop or en- 
gine room, are incompetent for the proper 
conception of work, but are, nevertheless, in- 
trusted with responsible stations where their 
practical achievements only lead to mischief. 

Our experience throughout life teaches us 
that a practical man without science seldom 
makes such serious blunders as a scientific man 
without practice. The merit then of the Techno- 
naval Academy would be in the education of 
engineers in the practice, and no J with mere 
scientific precepts of professors. 

The writer has often observed the career of 
students from colleges, and regrets to say that 
4 



88 TECHNOLOGICAL EDUCATION 

too few of them turn their attention to work. 
Those who have received scientific education 
generally prefer to become professors, scientific 
advopates, patent agents, lawyers, philosophical 
secretaries, &c. &c., whilst the practical opera- 
tion of our workshops suffer in the extreme. 
Every once in a while we have a steam-boiler 
explosion, killing off a great number of men, 
with great destruction of property ; we build 
vessels which will not float; are often difeap- 
pointed in the perTormance of vessels and ma- 
chinery; we waste great amounts of fijel, and 
we make extensive and costly experiments in 
steam-engineering without consulting the phy- 
sical laws involved in the operation. 

In iron foundries castings are often made 
with too little metal, and sometimes too much; 
the hydrostatic action of the fluid cast-iron in 
the mould is rarely understood; the law of 
shrinkage, strain, direction of crystallization, 
and sinking, in castings of irregular form, is 
not-generally comprehended ; ^nd many other 
defects of experience exist which often cause 
the loss of valuable castings, for want of applied 
science. When the casting turns out a failure, 
it is generally said that the foundry superin- 
tendent, is not skilful, or has not experience 
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enough, which often means that he has not 
made blunders enough to secure success. 

The general impression about the business 
of moulding and casting, as well as all other 
branches of mechanic arts, is, as has been re- 
peatedly told to the writer, namely, that " the 
profession cannot be brought within the scope 
of science, but must be learned by experience 
alone." 

On the other hand, scientific men without 
technical education, intrusted with practical 
problems, are generally not familiar with im- 
portant circumstances involved in the opera- 
tion, which accordingly results in blunders ; 
they are then derided as "scientific men." 

Locomotive engineers still allow their thun- 
derbolt to blow out smoke and fire to suffocate 
passengers, and set fire to houses and forests, 
when this nuisance of smoke and sparks could 
be so beneficially utilized in the work for 
which that fuel is intended. 

The combustion of fuel and the utilization 
of heat, in our present locomotive, are a dis- 
graceful and barbarous abuse of physical laws. 
The firebox in a locomotive dissolves many 
times the amount of fuel realized in work, and 
the heat therfe generated is so great that it is 
difiicult to find materials for the firebox that 
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are able to withstand it ; whilst on the other 
end of the locomotive, there is applied an ar- 
rangement to create a vacuum by the exhaust 
steam from the cylinders, which, in fact, is only 
a cooling operation which puts the fire out 
when it enters the tubes, and the unconsumed 
carbon, in the form of smoke, with sparks of 
fire, is blown out through the chimney. The 
area of the fire-tubes in a locomotive is many 
times greater than that of the firebox, whilst 
the evaporative power of the firebox is many 
times greater than that of the tubes. 

We are in possession of sciences, requisite 
for a more proper arrangement in a locomotive 
and in steam-boilers generally, by which not 
only all the carbon could be consumed, but 
also to utilize the heat in work, but we have 
not sufficient technical knowledge for their 
judicious application. 

The writer has now gone very far in criti- 
cizing our standing as engineers, but hopes to 
be understood that his motive in so doing is a 
solicitude for the general interest. There are 
too many among us to boast of and exaggerate 
our numerous and real advantages over other 
nations, but apparently none to point out to 
us our deficiences. 

JOHN W. NYSTEOM, 

Engineer. 



COMMUNICATION 



SEOEETAET OF THE FAYT. 



Navy Department, 
Wasbikston, D. C, June 26, 1865. 

Sir : On the i4th of this month I made an 
upplioation to the Navy Department for orders 
to prepare, for the Naval Engineer Cadets, a 
" course of shipbuilding" based on the " para- 
bolic principle," as explained in the printed 
papers accompanying the application. 

On the 15th I received your communication 
stating that the proposition was declined. 

This hasty refusal of the Department has en- 
couraged me — with all deference — to renew the 
application in a more specific form, under a 
conviction that I had probably failed to submit 
the subject in its true light ; inasmuch as upon 
any other hypothesis, its intrinsic importance 
could scarcely have failed to have insured for 
it a different disposition. Indeed, I would deem 
4* 
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it a neglect of duty on my part to drop a sub- 
ject of such great moment, merely in conse- 
quence of a hasty and apparently inconsiderate 
reply of the Department, particularly as so many 
circumstances may have conspired, amidst a 
press of business, to prevent its receiving your 
Excellency's personal attention. 

When it is considered not only that ship- 
building has not yet been developed to the 
condition of a true science, but that the country 
contains no school where even the empirical 
system under which the construction of vessels 
is now carried on, can be learned, we cannot 
expect our present naval constructors to dip 
into and approve a science which they do not 
understand, but distrust and perhaps fear. 

By means of long practice and experience, 
' builders generally attain great skill and taste 
in the construction of ships, but, at the same 
time, they are yet ignorant of the physical laws 
and scientific principles which govern their 
success. Their skill and valuable knowledge 
die with them, and their toiling successors 
must reiterate the same blunders, and gain ex- 
perience by the same renewed experiments and 
errors. 

Such will not be the case when shipbuilding 
becomes really a science, for then we will be 
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able to demonstrate, record, and perpetuate 
through the unerring aid of mathematical 
formulas, a knowledge of the physical laws 
which relate to the subject, the accomplishment 
of which is now impossible, and the art itself 
kept by shipbuilders in profound mystery. 

The indifference or hostility of shipbuilders 
to a scientific treatment of the subject, arises 
mainly from their conviction that it is impos- 
sible to bring their profession within the scope 
of science, and they persevere in regarding it 
as a mere craft. In verification of this, I can 
refer to numerous examples, of which the fol- 
lowing is one: — 

Last summer I made efforts to bring the 
"parabolic construction of ships" under the 
appreciation of Mr. John Lejithal, the Chief of 
the Bureau of Construction, which failed not 
only to secure his approval, but absolutely met 
with his disparagement. Mr. Lenthal was ap- 
prised that the " parabolic system" embodied a 
very simple method of recording the peculiari- 
ties of vessels, which would be of great .impor- 
tance; he refused, however, to credit the possi- 
bility of my plan, and gave me to understand 
(without looking at it) that he had all the re- 
cords which could be necessary already, and 
that nothing more was wanted. 
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Soon after, I was set to work by Mr. Isher- 
wood, the Chief of the Bureau of Steara-Ea- 
gineering, to calculate from a great number of 
ships' drawings these very data, which were 
not, but which ought to have been calculated 
and recorded in the Bureau of Construction, 
and which data are of great importance in 
questions of steamship performance. In fact 
the engineer cannot do well without them. 

This proves conclusively that the naval con- 
structor was in error regarding the perfection 
of his records. 

There is not to my knowledge an engineer 
in the naval service who is competent to un- 
dertake such an investigation of the properties 
of ships as that made by -me, although the sub- 
ject belongs directly to his profession. The 
Corps of Naval Engineers should take the lead 
in all those progressive changes which natu- 
rally attach to their important office, and par- 
ticularly in those changes which must eventu- 
ally take place, namely, to combine the con- 
struction of machinery and vessels under one 
head. 

Since the introduction into vessels of steam, 
and other mechanical contrivances which are 
daily increasing, the two branches have become 
so intimately connected, that it would be diffi- 
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cult to trace a line of separation between them. 
The engineer cannot construct the machinery 
without a knowledge of the vessel which is to 
contain it, and the shipbuilder cannot properly 
construct the vessel without consulting the en- 
gineer respecting the machiney, and we may 
expect what happened when the war broke out, 
namely, to build vessels wholly of iron, for 
which our present naval constructors are in- 
competent. 

On account, therefore, of the profession of 
shipbuilding yet being in an empirical condi- 
tion, and considered separate and apart from 
that of steam-enginee;:ing, there exists much 
jealousy between the two interests, which re- 
sults in discord of aetion; neither of them 
taking that careful supervision over the whole 
arrangement which one controlling mind would 
do. 

In many instances where government's ves- 
sels have been built in private establishments, 
the quality of workmanship has suffered con- 
siderably for this very reason, of the superin- 
tending naval engineer not being familiar with 
the construction of ships. 

The failure of the light-draft monitors affords 
a still stronger proof of the necessity of in- 
structing engineers in shipbuilding. 
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As matters now stand, ship constructors are 
generally so jealous of their profession, that the 
engineer can with difficulty obtain from them 
the necessary information to govern him in his 
own department; a jealousy which only indi- 
cates ignorance. For if theit profession was 
brought to the rank of a true science, it could 
not be kept in a state of mystery, or as a mat- 
ter of individual knowledge. 

Now, believing that I have succeeded in de- 
veloping shipbuilding to the condition of a true 
science, I desire to throw it wide open for the 
benefit of all, like the books of Euclid. 

My system embodies the results of many 
years of labor, now in the form of raw materi- 
als, to be converted into tables and drawings 
for general use. 

The details of, the undertaking are too great 
for a single individual; operating alone, it 
would cost me several years to complete them, 
whilst with assistance from the Navy Depart- 
ment, it might be accomplished in a few months. 

The great labor consists in calculating the 
tables, which will extend to some five thousand 
lines, the combination of which would compre- 
hend the construction of an endless number of 
vessels. 

The nature of the tables are very much like 
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logarithms ; they will equally suit any system 
of weights and measures, or any language and 
country, and will give the characteristic pecu- 
liarities of vessels at the first glance, such as 
the displacement; areas of water-lines and 
cross-sections; loteation of metacentre and cen- 
tre of gravity, &c. &c. ; and they will also give 
the most important item, so much sought for 
by scientific men and shipbuilders, namely, the 
mean angle of resistance of vessels. 

The displacement of a vessel, bounded within 
a given length, breadth, and depth, can vary 
twenty-five per cent., for the same resistance, in 
moving through water; a circumstance show- 
ing the immense importance of giving the ves- 
sel a proper shape. 

Shipbuilders generally, through long prac- 
tice, approach very near the proper shape or 
form of lines of vessels, but they also often 
transgress the sought-for limit, which cannot 
possibly be determined by mere conjecture. 
But, by the " parabolic method," the most ad- 
vantageous forms of lines are ascertained and 
calculated with the aid of tables, which can be 
used by constructors without a knowledge of 
mathematics. 

For the accomplishment of 'the object here 
proposed, I would respectfully request your 
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Excellency to select two or more young en- 
gineers, and place them at my disposition for 
the purpose of assisting in the calculation of 
the tables, and of acquiring a thorough know- 
ledge of the '' parabolic construction of ships." 
This would be a very simple and easy course 
of introducing the science of shipbuilding into 
the Corps of Naval Engineers, and the Depart- 
ment will thus be placed in possession of scien- 
tific resources, which will forever place' it out 
of reach of many errors, and of rash or igno- 
rant experiments which have heretofore wasted 
so much of its means and its hopes alike un- 
profitably. 

The mode of constructing ships, at the pre- 
sent day, is most generally accomplished by 
carving out a model from a piece of wood, by 
eyesight and conjecture — an operation which is 
often refJeated several times before it happens to 
attain the desiderated end. In more advanced 
stages of the art, as in the navy, and in some few 
private establishments, drawings are made, from 
which models are also executed; but even then 
the lines are laid down repeatedly from con- 
jecture, until sufficient approximation to the 
truth is believed to be attained. In both cases, 
the operation may be likened to the movements 
of a blind man walking by himself, whilst by 
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the "parabolic method," the construction is 
started right at the outset, and thus an intelli- 
gent perception of principles and results reaches 
its conclusion with mathematical accuracy. 

In the interest of science, as well as that of 
the Department over which your Excellency 
has so successfully presided, I earnestly request 
that my proposition may be considered with 
the attention which a subject of such importance 
deserves, and, in conclusion, would suggest, 
that whilst the government could Jose nothing 
by granting my request, it would gain an ad- 
vantage which, once possessed, it would never 
afterwards relinquish, 

I have the honor to remain. 
Your Excellency's ob't serv't, 

JOHN W. NYSTEOM, 
Act. Chief Engineer^ U. S. Navy. 

Hon. GfiDEON "Welles, 

Secretary of the Navy. 



MEMOEANDXTM. 



Navy Depaeimekt, 
Washington, D. C, July 8, 1865. 

To-DAT I called on Secretary Welles, about 
my application for assistance to calculate, the 
tables for the '' parabolic construction of ships," 
as expressed in the foregoing letter, when Mr. 
Welles said that he " could do nothing with it, 
as Mr. Isherwood does not approve your scheme, 
but says that there is no novelty in it." I 
then requested the Secretary to respond to my 
letter to that effect, which he ordered Assistant 
Secretary Fox to do, but no answer was re- 
ceived. 

Assistant Secretary Fox told me that " this 
democratic government does not take the lead 
in matters of this kind, as monarchical govern- 
ments do, but leaves them for the merchant or 
civil service." 

I offered to show Captain Fox some samples 
of tables for the " parabolic shipbuilding," but 
he said be "would have no time to attend to it." 



SHIPBUILDING. 51 

It is true the Navy Department has not taken 
the lead in any matter of progress, but left that 
for the civil service, but it has taken the lead 
and made extensive and costly experiments in 
the anti-expansion question of steam; in the 
building' of vessels which will not float; in ex- 
perimental researches in steam engineering, 
extensively expatiated upon in large volumes 
of books upon which I shall make no com- 
ments further than to state that the Navy De- 
partment has taken the lead in pointing out to 
the civil service where not to follow. 

When the war broke out, the naval construc- 
tors were not competent to fulfil the require- 
ments in the new era of naval architecture, and 
there was no naval engineer with requisite 
^technical education to meet the emergency, 
The Chief of the Bureau of Construction, I un- 
derstand, declined having anything to do with 
iron or armored vessels, and the projects for 
ironclads were necessarily intrusted to officers 
of the line, the result of which is well known, 
and not necessary to mention here, for the ob- 
ject of this writing is not to find fault, or to 
censure those who may have been inadvertently 
at fault, but to point out the necessity of taking 
proper steps to prevent similar occurrences in 
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the future, and to prepare to follow up the 
progressive times. 

In regard to the Chief Engineer Isherwood'a 
saying that " there is no novelty in the para- 
bolic system of shipbuilding," I am justified in 
taking prompt issue with him, for his scientific 
education does not extend so far as to enable 
him to judge whether it embraces novelty or 
not. 

I have, however, good reason to believe, from 
specific indications in discussion with him, that 
Mr. Isherwood, in his own mind, really thinks 
that there is novelty in the "parabolic method." 
What can then constitute the object of the 
Chief in thwarting the interests and progress 
of the Corps of Naval Engineers? 



ON THE 



PARABOLIC CONSTRUCTION OF SHIPS, 



AS StTBMITTED TO THE 



NAVY DEPAHTMENT. 



The Parabolic System of constructing ships 
was originated by the celebrated Swedish naval 
architect, Chapman, about a century ago, at 
which period it was well received among ship- 
Builders, but on account of its then incomplete 
form (restrictingconductors to particular shapes), 
it was gradually abrogated, until no trace could 
be found of it, even in works on shipbuilding. 
Mr. Chapman hit upon the fortunate idea that 
the cross- sections of the displacement of a ves- 
sel ought to follow a certain progression, in 
order to present the least possible resistance 
when moving through the water. He collected 
a great many drawings of ships of known good 
and bad performances, and made the following 
investigation. On each drawing he transformed 
the cross-sections of the displacement into 
rectangles of the same breadth as the greatest 
5* 
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beam of the load-water-line of the vessel; 
placed their upper edges in* the plan of the 
load-water-line, by which he found that the 
un9er edges of the rectangles formed abottom, 
the curve of which were parabolas in ships of 
known good performances. 

Let the accompanying figure, 1, represent a 
ship with the load-water-line, w, dead flat cross- 
section a Mb, formed into the rectangle abed, 
and i e i another cross-section formed into a 
rectangle efgh, so that the breadth e/ is equal 
to a & ; then the line k I m, Fig. 1, forming the 
bottom of the rectangles, should be a parabola 
with the vertex at k, and k o the axis of the 
abscissa. 

Mr. Chapman found that the parabola so ob- 
tained did not terminate at the stem n, but fell 
a little short at m. The deviation m w was very 
small in vessels of his days, but in modern ves- 
sels it is more considerable, showing that there 
must be a point of inflection p in the curve. 
However erroneously we may set out in quest 
of an object, experience generally leads us to- 
wards correct scientific principles. In the case 
before us, experience has increased the deviation 
m n, and we know that inasmuch as nature ad- 
mits of no physical by-laws, the curve cannot 
be a plain parabola. It is this increasing de- 
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vration m n which has led me to investigate the 
subject more carefully ; starting on the princi- 
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pie that the resistance to a body in motion in a 
fluid, is a function of the square of the sine of 
the angle of incidence to the motion. Let abed, 




Fig. ^, be a body in motion in a fluid, in the 
direction ac; then the resistance to that body 
is found by experiments to be nearly as the 
square of the sine ofpthe angle v, omitting fric-: 
tion. 

From this it appears that the proper progres- 
sion of the cross-sections should be as the square 
of the ordinates in a parabola. 

Let Fig. 3 represent a vessel with the dead- 
flat M and stem n. Draw the cross section a Mb, 
and the rectangle a b c d, as before described ; 
draw a parabola k I n of any desired order, ter- 
minating at the stem ; then the proper progres- 
sion of the cross-sections should be as the 
square of the ordinates p. Let the depth a c?= 
1, then the ordinates jS will be fractions of a d, 
and the square j3^ multiplied by the area of the 
dead-flat cross-section m, would give the proper 
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area of the ordinate cross section 9, or fl=af ?', 
Fig. 3. The line hmn should then indicate the 
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proper progression of the ordinate to cross- 
sections e. TheeiTeas ef g h=i e i. % 
The formula for a parabola in the conic sec- 
tion is — 



Eeferring to the accompanying figure, o is 
the vertex of the parabola, j9 = parameter, x = 
abscissa, and y = ordinate. Applying this for- 

Fig. 4. 




mula and figure to the form of a ship, we place 
the vertex of the parabola at the dead-flat m, 
the axis of abscissa in the breadth b, and the 
largest ordinate y in the length, when the 
parabola o r s, Fig. 4, may represent a water- 
line in a vessel, as represented in Fig. 5. 

The circle, ellipse, parabola, and hyperbola, 
in the conic sections are lines of the secoud or- 
der; but in the construction of ships we employ 
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these lines of any order whatever, for which 
we will denote the index of the root in the 
parabolic formula by the letter n. 

The parameter p is the gauge for the para- 
bola, but is inconvenient for our purpose; it 
will be better, therefore, to make a gauge that 
will consist of the given quantities, by limiting 
the parabolas within the size of the vessel 
when the limit a; = 6, half the breadth, and the 
limit y= I, half the length of the vessel. 

The parabolic formulas will then appear — 

y = V2p^, or I = V2pT. 
Of which — 

■^ 2 a; 2 b' 



V 



2p 






and — 



-;iv^- 
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In these formulas the parabola is gauged by 
the half-length I, and half-breadth b. 

Let 3 denize the distance from the centre-line 
of a vessel to the water-line, then p = i — *, 
or a; == 6 — P, which, inserted in the above 
formulas, will give— 

X = h — P = —^1 
of which — 

Let the depth a cl, figs. 1 and 3, = 6, represent 
the area of the dead- flat cross-sec^n 3S, then 
the ordinate cross-sections will be — 

The formula 1 gives the plain parabolas k I m, 
fig. 1^ or kin, fig. 3 ; or o jS «, fig, 6; whilst the 
formula^2 gives the paracyma k mn, fig. 3, or 
e s, fig. 6. 

Formula 1 gives nearly the form of ships as 
constructed i n the days of Chapman, whilst 
formula 2 gives the form of modern ships, 
constructed for speed. , 
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I have investigated the progression of the 
cross-sections in a great many vessels, from 
most parts of the world, as will hereafter be 
shown in a treatise on the parabolic construction 
of ships now in progress. Many American ves- 
sels agree perfectly with formula 2, of which the 
U. S. frigate Niagara, constructed by the late 
Mr. Steers, is one. The formula 1, which em- 
bodies Chapman's method, is therefore not ap- 
plicable in modern shipbuilding, which I think 
is the reason why the original parabolic system 
has not been more generally adopted. It is 
not always necessary to pay the greatest atten- 
tion to speed, as there are many other con- 
ditions of greater importance, namely, freight, 
shallow draught, location of metacentre, and 
centre of gravity of the vessel, for which it 
becomes necessary so to arrange the parabolic 
construction of ships, that it will accctomodate 
itself to all the requirements, as well as to the 
6 
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taste of the shipbuilder. This can be accom- 
plished by raising the ordinate /3 to any arbi- 
trary power, which we will designate with the 
lettfer g'i and call it the power of the exponent 
w, when the final formula will appear — 

This is the general formula for the parabolic 
construction. Simple as it is, it gives any line 
or form of a ship that can reasonably be re- 
quired. It will form a square, rectangle, tri- 
angle, circle, ellipse, parabola, hyperbola, cyma ; 
all of any order or combination. 



Fig. 7. 




b = half the breadth, or area of dead-flat w. 
I = length from m to the stem or stern, or 
depth under water-line. 

For the ^frames, the depth d, from 
load water-line to the keel, takes 
the- place of I. 
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i3 = ordinate for the line, or ordinate crosa- 
seotion. 

y = abscissa. 

n = exponent. 

q = power of the exponent n. 

The variety of lines represented bj fig. 7 are 
obtained by altering the power q, while n re- 
mains constant ; or any variety of lines can be 
obtained for each value of the exponent n. 

It is here found necessary to the development 
of the subject, to propose or establish new 
names to such lines as have not heretofore been 
defined or subjected to an algebraic formula. 
The degree of development of an art may be 
correctly measured by the perfection of its 
vocabulary. As the construction of ships has 
not heretofore been brought to a perfect system, 
we have not been able to define the great 
variety of lines, or forms of ships. We can say 
a vessel is very sharp, or very full, with more 
or less' rise of floor ; but have no language by 
which to convey correctly, how sharp, how full, 
or with how much rise of flooc. As an illus- 
tration it may be mentioned, that on one occa- 
sion I met some shipbuilders, and discussed 
with them the construction of ships,..when one 
said, " I am constructing a ship that will be so 
sharp, that you cannot roll a barrel on the 
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lower deck, within fifteen feet of the bow," 
which made me but little wiser. Now, in the 
language of the parabolic construction, to con- 
vey the same idea with precision and accuracy, 
we have only to give the exponent and power, 
which not only impress the mini clearly with 
the correct degree of sharpness, but also with 
the complete form of the vessel. 

On another occasion I remarked to a ship- 
builder, in his yard, that " the lines of a certain 
vessel were too sharp, and if made fuller it 
would go much easier through water with con- 
siderably more displacement." The shipbuilder 
acknowledged that it appeared to him to be so, 
but remarked, with the usual practical sneer, 
that " it is very easy to see that after the ves' 
sel is finished." The great merit in the'para^ 
bolic construction is, that we know the me 
chanioal and physical properties of the lines 
before they are laid down; we need not even 
look at them for such purpose. 

We have both in Europe and America many 
curiously constructed vessels, and some of them 
reported to perform wonderfully, but we have 
not been able to record their peculiarities ; for 
even the drawing of their lines would fail -to 
convey with correctness what constitutes their 
novelty or folly. 
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It is therefore proposed to establish the_ fol- 
lowing technical terms in naval architecture:^- 

Any line p I, in the accompanying figure 7, 
located between the parabola^ and ellipse e, is 
to be called Paralipse^ 

Any line J3 c, located under or within the 
parabola j9, to be called Paracyma. In archi- 
tecture, cymas are generally constructed of 
circle-arcs, but in this case cymas are derived 
from parabolas. . 

Any line e I, extending outside of the ellipse, 
to be called Evolipse. 

In modern constructed vessels, those lines 
are generally distributed as follows : — 

All water-lines of the displacement are Para- 
cymas, with the highest power near the keel, 
approaching parabolas near the load water-line, 
which latter may also be a Paracyma. The 
frames are generally Paralipses about the mid- 
dle of the vessel, and terminate in Parabolas 
and Paracymas, in the stern and bow. Above 
the water, the horizontal lines are generally 
Parabolas in the foreship; and in the aftership, 
Paralipses, Ellipses, and Evolipses. 

The power q defines the line as follow : — 
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v« = l. 



\Q = 



V? _ 



Parabola p, |8 = 6 M — ^A 

Ellipses, p = 6(l_|y 

Circle, p = b A — ^V 

1 — ^1 

-n T , 7/1 {/"xs' between 1 and i. 

Paralipse^ Z, )3 = 6Jl — ^) " 

1 2_ J «• 

In my treatise on the parabolic construction 
of ships, now in progress, there will be calcu- 
lated 54 values of the power q, each with 90 
diiferent exponents n, making 4860 different 
lines, which will cover the most general require- 
ments in practice. Samples are here given. 
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SAMPLE TABLE FROM FORMULA 1. 


Exp. 
n 


1 


2 


3 


4 


5 
.6261 


6 
7600 


7 


a'ja"D' 


«?' 


m' 


f 


1 


.1260 


.2600, .3760 


.5000 


.8750 


.6000 


.3333 






1.25 


.1337 


.3020 .4443 


.6796 


.706.- 


.82.32 


.9267' 


.5556 


.3461 






1.5 


.1816 


.3505 


.5059 


.6464 


.770, 


.8760 


.9688, 


.6000 


.3571 






1.7S 


.2084 


.3965 


.6607 


.7027 


.8203 


.9116 


.9737 


,6363 


.3666 






2 


.2344 


.4375 


.6094 


.7500 


.8594 


.9375 


.9844 


.6666 


.3750 


3021 


1.333 


W29. 


.2695 


.4766 


.6627 


.7898 


.8899 


,9658 


.99071 


.6923 


.3823 


,3288 


1.447 


2.5 


.2838 


.5129 


.6912 


.8232 


.9149 


,9687 


.9945, 


.7142 


.3888 


.3502 


1.662 


2.75 


.3073 


.5466 


.7264 


.8613 


.9326 


.9779 


.9967; 


7333. 


.3948 


.3688 


1,682 


3 


.3390 


.6781 


.7668 


.8760 


.9476 


.9844 


.99881 


.7500 


.4000 


.3867 


1.800 


3 26 


.3521 


.6074 


.7829 


.8949 


.9587 


.9889 


.9988- 


.7647 


.4047 


.4010 


1.922 


3.5 


.3733 


.6346 


.8070 


.9116 


9677 


.9922 


.9993 


.7777 


.4091 


.4144 


2.040 


3.75 


3939 


.6600 


.8284 


.9266 


.9747 


9946 


.9996, 


.7894 


.4130 


.4263 


2.160 


i 


.4138 


.6836 


.8474 


.9375 


9802 


.9961 


.9998' 


.8000 


.4166 


4376 


2.285 


4.6 


.4617 


.7260 


.8794 


.9569 


.8979 


.9980 


.9999, 


SlSl 


.4.-30 


.4670 


2.534 


5 


.4871 


.7627 


.9046 


.9687 


.9926 


.9990 


.9999 


.8333 


.4286 


.473i 


2.776 


6 


6512 


.8220 


9404 


.9844 


.9972 


9997 


1. 000 


.8571 


.4376 


.5000 


3.270 


7 


6073 


.8666 


.9627 


.9922 


.9989 


.9999 


1.000 


.8760 


.4444 


.5202 


3.776 


8 


.6564 


8999 


.9767 


.9961 


.9996 


.9999 


1.000 


.8888 


.4500 


.5364 


4.272 


12 


7986 


.9683 


.9964 


.9997 


.9999 


1.000 


1.000 


.9231 


.4643 


.5768 


6.276 


16 


.8819 


.9900 


.9994 


.9998 


.9999 


1.000 


1.000 


.9412 


.4720 


.6060 


8.273 


SAMPLE TABLE FROM FORMULA 2. 


Exp. 
n. 


1 


2 


3 


4 


5 


6 ■ 


7 


a'STV 


e' 


m' 


t' 

m 


1 


:1563 


:6260 


.1406 


.2500 


.3906 


..6625 


.7656' 


.3333 


.2900 






1.25 


:2363 :9123 


.1974 


.3359 


.4992 


.6777 


.8569, 


.3968 


.2691 






1.6 


■.3299 .1125 


.2547 


.4-179 


.6934 


.7666 


.9136 


.4600 


.2860 






1.76 


:4342 .1666 


.3144 


.4938 


.6729 


.8310 


.9481 


.4949 


.3000 






2 


:5493 .1914 


.3713 


.5625 


.7386 


8789 


.9690 


.6333 


3126 


.2273 


1.219 


2 25 


:6736 .2271 


.4260 


.6237 


.7920 


.9136 


.9815' 


.6664 


.3189 


.2541 


1.273 


2.5 


:8056 .2630 


.4777 


.6777 


.8371 


9385 


.98901 


..5952 


.3333 


,2770 


1.335 


2.75 


:9146i.2986 


.6262 


7248 


.8698 


.9563 


.9934' 


.6205 


,2973 


.2979 


1.402 


3- 


.1090 


.3342 


67)3 


.7656 


.8980 


.9690 


.9961 ! 


.6428 


.3164 


.3164!l.472l 


3.26 


.1240 


.3689 


.6130 


.8008 


.9192 


.9779 


.9977i 


.6627 


.3571 


.3255 


1.646 


36 


.1394 


.4028 


.6512 


8310 


.9365 


.9844 


.9986 


.6805 


.3636 


.3500 


L620 


3 75 


.1555 


.4366 


.6862 


.8669 


.9601 


.9890 


9992 


.6966 


.3695 


3638 


1.697 


1 


.1712 


.4873 


.7181 


.8789 


.960? 


.9922 


.9995' 


.7111 


.3760 


.3766 


1773 


1.5 


.2045 


.5270 


.773:" 


.9137 


.9769 


9961 


.9998 


.7363 


.3846 


.4000 


L929 


6 


.2373 


..6804 


.818: 


9386 


.9852 


.9980 


.9899, 


.7576 


.3929 


,4196 


2.088 


6 


.3038 


.6729 


.884: 


9690 


.994.', 


9996 


9999: 


.7912 


.4062 


.4617 


2.407 


7 


.3688 


.7508 


.926: 


9844 


.997P 


.9999 


i.,ooo' 


.8166 


.4166 


.4768 


2 7.32 


S 


.4308 


.8098 


.9541 


9922 


.9992 


999! 


1.000' 


.83B6 


.42.60 


.4962 


:1060 


12 


.6377 


.937r 


.992! 


9995 


.999! 


1.001. 


l.OOO, 


.8861 


.4464 


.5463 


4,390 


16 


.7778 


.9801 


.998 


9999 


1.00 


1 00( 


1.000' 


.9129 


.4629 


.6763 


6 71.') 
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The length I from the dead-flat m. to stem or 
stern, also the draft of water from the load-line 
to the base-line, are each divided into eight 
parts, forming the ordinates, 1, 2, 3, 4, 5, 6, 7, 
in the table, counted from the stem or stern of 
the centre ffi, or from base line to water-line, 
as represented in the accompanying plate. 

Either table, exponent, or power, can be 
employed for either frames, water-lines, or 
displacement. 
Area of any water-line a or a. ^ 

" " cross-section ST or 9. > = j /3 dy 

Cubic contents of displacement D. ) 
which integral, coefficient is contained in the 
columff a'sr'D'. 

The depth of the centre of gravity of any 
Qross-section, or of the displacement, or the dis- 
tance from the dead-flat m, to the centre of 
gravity of the area of any water-line, or of the 
fore or aft part of the displacement, will be — 



^ CJ_ydy_ 
»^ a, M, or d' 



which integral coefficient is contained in the 
column t'. 

The height of the metacentre will be — 
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which integral coefficient — 
2 
3" 

is contained in the column mJ. 

When the power g and exponent n are given, 
we have — 

Height of metacentre m = — — — • 
Momentum of stability = Q sin. v i + 9' )■ 

Q = weight of the vessel, and g = vertical 
height between the two centres of gravity. 

The mean angle of resistance of the vessel 
through water is found by the following for- 
mula : — 

tang.v=qHn'f(i—f-y ^f^^y. 

The integral coefficient of this formula is 
contained in the last column i' in the table. 

It does not appear that Chapman attempted 
to form the water-lines and frames of a vessel 
by the parabolic method. He says the area of 
the cross-sections can be approximated by a 
parabola, placing the vertex at the keel ; but 
this cannot give a proper shape to the frame. 
Inasmuch as the displacement of a vessel is the 
integral of the areas of the water-lines and 
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cross-sections, and as those areas are integrals 
of the ordinates in the frames and water-lines, 
they are all convertible into one another by a 
common formula, which is the formula 3, and 
which formula, simply by placing g- = 1, em- 
bodies Chapman's system completely. But by 
so doing, the constructor is restricted to a 
stiff and obstinate guide, which will not yield 
to his taste, and we have the result before us ; 
namely, the shipbuilder assumes his indepen- 
dence. It would be futile to attempt to intro- 
duce a system of constructing ships that would 
not accommodate itself to the taste of the con- 
structor. By Chapman's system, when the 
length, breadth, depth, and the displacement 
are given, then the sharpness of the vessel is 
obdurately fixed ; while by giving an arbitrary 
value (as here proposed) to q, the sharpness 
and ease of the lines can be made to vary con- 
siderably, and accommodate themselves to the 
taste of the architect. 

Suppose the area, length, and breadth of the 
load-water-line of a vessel are given, which is 
substantially the same as if the displacement, 
dead-flat, cross-section and length were given ; 
then Chapman's method, formula 1, will pro- 
duce the fixed line, say omms, fig. 8, while the 
formula 2 will produce any variety of lines, as 
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00 OS, . or oees, or if we wish to go to the ex- 
treme the wrong way, we can produce the line 
onns; in fact, the formula 3 can nianipulate 
the displacement the same as one can work a 
lump of soft clay in his hands. This is a pro- 
Fig. 8. 




pertyo'f my parabolic system which does not 
yet appear to hsCVe been appreciated, but whose 
utility, when once fairly understood, must be 
universally accepted. 

It is not to be supposed that this short out- 
line of the parabolic construction embodies the 
full capacity of that method, for which a much 
more complete work would be required. When 
constructors become accustomed to the tables, 
they can readily select the proper exponents, 
and reason intelligibly with each other on the 
forms of lines and vessels. 
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APPLICATION. 

Let it be required to construct a vessel of 
the following dimensions : — 
Length in the load-line, L = 325 feet. 

Breadth of beam, B = 40 " 

Draft of water from base-line, d = 18 " 

Let the dead-flat cross-section be selected 
from table 1, of the exponent n= 6; then the 
numbers in the line 6, multiplied by half the 
beam 6 = 20 feet, will give the corresponding 
ordinates in the dead-flat frame ; and the area 
will be JS = B dm'=4:0 X 18 X 0.8571=617.112 
square feet. 

Let the load-water-line be selected from 
table 2, of exponent n = 3 ; then the numbers 
in the line 3, multiplied by half the beam b = 
20 feet, gives the corresponding ordinates in 
the water-line , and the area will be a = l b a' 
=325 X 40 X 0.6428=8356.4 square feet. 

Let the displacement be selected from table 2, 
and of exponent n = 3.25, then the numbers in 
the line 3.35, multiplied by the dead-flat cross- 
section sr = 617.112 square feet, will give the 
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coprespondiog ordinate cross-sections of the dis- 
plaoement. The cubic contents of the displace- 
ment will be D= ST ld'= 617.112 X 325 x 0.6627 
= 132912 cubic feet, or 3797.4 tons. 

The sample tables here given do not extend so 
far as to allow a correct calculation of the depth 
of the centre of gravity of the displacement, 'but 
suppose the areas of the water-lines to progress 
with the exponent n=5, table 1, then the dej)th 
of the centre of gravity of the displacement 
will be de'=18 x 4286=7.7148 feet. 

The height of metacentre above the centre 
of gravity of the displacement will be — 

L 63 m' 825 X 20^ X 0.3164 „,„„„; 
m : ^— J329Y2 6,1898 feet. 

-This metacentre is very low on account of 

. having assumed a very sharp water-line. 

The tangent for the mean angle of resistance 

will be — 

mi' 617.112x1.472. r\oiaKn 
tang. v= — - = — ^ — -—_ -—-8=0,31056 
^ . Lc? 1x325x18 

= tang. 11° 33'. 

The actual resistance by impact and friction, 
the wet area of the, hull of the displacement, &c, 
&c., are calculated by simple formulas not given 
in this short outline of the parabolic construc- 
tion. 

7 
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Recording Formula. 
The form of any vessel may be recorded by 
one general formula, as follows : — 

D«?) \mnq/ i^S- 
The first factor ^ " ^ [ ? represents the 

properties of the after-body of the displacement. 
yvriq represents the exponent n and power q 
of the load -water-line ; i>nq the exponent n 
and power q of the displacement, and I the 
length from the stern-post to the dead-flat ST in 
a fraction of the whole length L of the vessel. 

The second factor / V represents the 

dead-flat, or L the whole length of the vessel, b 
the half dead-flat breadth in the load-water- 
line, and d the drift of water from the base-line 
to the load-water-line. 3Snq represents the 
exponent n and power q of the dead-flat M. 

The third factor Z j '^ ^' represents the pro- 
perties of the fore-body of the displacement; I 
is the length from the dead-flat m to the stem 
of the vessel; n and q represent tbe exponents 
71 and powers q for the load-water-line and the 
displacement respectively ; I and I may be ex- 
pressed in real length, as feet. 
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A well-proportioned sailing yacht may be 
set up as follows, with numerical values in the 
general formula : — 



These data will enable a shipbuilder to con- 
struct a sailing yacht of definite shape. 

When constructors become accustomed to 
the parabplic method, they can determine with 
great correctness the exponent n and power q 
of any line at first sight, and thus enable them 
to record by the above formula, the form of 
.any vessel exposed to view, from, which a simi- 
lar vessel can afterwards be constructed. 

Eecords of this kind have been frequently 
made in shipyards by the author, of -which a 
case may be mentioned, namely, the "Dictator" 
(built by Hogan & Delamater, New York), of 
which the following formula was recorded: — 

Formula for the Dictator. 

w 5.5 X 1.75 \ qg / 240 x 21 x 16 \ 144 f 2.75 X 1.5 
D 4.75 X 3.25 P" i, JS 2.75 xO.5 ) ^** \ 3 x 2. 

From these data a vessel can, at any time,^ 

be constructed similar to the "Dictator," by 

any one familiar with the method. The draft 

16 feet is from the base-line to the under side 
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of guards, but she draws some four feet more 
water. 

A skilful shipbuilder may, by his empirical 
mode of reasoning, be able to memorize, for a 
short time, the form of a ship, but most likely 
in a clouded condition, which will soon vanish 
away. 

Recording Tables. 

The properties of a vessel can 'be more 
minutely and fully recorded in a table of a 
general form, as follows. The vessel being 
divided from the dead-flat s? to the stern and 
to the stem, also from the base-line to the load- 
water-line, into eight equal parts, as shown on 
the accompanying plate: — construct the follow- 
ing two tables, one for the after-ship and one 
for the fore-ship. The data given in these ta- 
,bles are for a steamboat. The top line s con- 
tains the sheejLof the vessel, or height from the 
load- water-line to the rail, at each division or 
ordinate. The line E contains the ordinates for 
the rail, and D that of the deck. In these tables, 
the dimensions do not correspond with those 
on the plate. The line D w means a line of a 
plane tangenting the deck at ST, and parallel to 
the load-water-line; the deck-line was not 
shown on the drawing from which this table is 
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made. The line Ord. contains tTie number of 
each ordinate from stem or stern to the dead- 
flat ST. The line W contains the ordiaates for 
the load-water-line, and the lines 7, 6, &c. &c., 
contain the ordinates for the corresponding 
water-lines. 

The liae o contains the half-width of throat 
in the base-line. The line 9 contains the half- 
areas of the ordinate cross-sections of the dis- 
placement. The line n contains the exponent 
of the frames. The line q contains the powers 
of the frames. The line u contains the length 
of each frame from the base-line to the load- 
water-line. 

The column ft, contains the area of each 
water-ljne, n the exponent, and q the power for 
the corresponding water-line. Column o con- 
tains the half- width of throat on the stern-post 
OT stem ; in this case it shows that the boat is 
a propeller, because the throat is widest at the 
ordinate 4,. where the propeller shaft goes 
through the stern-post. Columns A or F con- 
tain the ordinates for the throat on stern-post or 
stem, measured from the perpendicular. Col- 
umn m contains the length of the corresponding 
water-line from stem or stern to the dead-flat s?. 

The corner e M contains the half area of the 
greatest immersed cross-section, which, in this 
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case, is 133.4 square feet. Corner e a contains 
the half-displacement of the vessel from m to 
stem 10000, or stern 8528 cubic feet. The 
corners 6 n and e q contain the exponent and 
power of the displacement longitudinally ; and 
the corners a n and a q contain the exponent 
and power of the displacement vertically. The 
corner 2' y contains the mean angle of resistance 
13° 54', or mean angle of delivery 14° 49'. 
The corner u u contains the wet surface of half 
the displacement from js to stern or stem. 
The constructing draft of water and length are 
contained in the corners o u and u o. 

This form of table will suit for any shape- or 
size of vessel. It is like a tailor's measurement 
of a coat. When the shipbuilder becomes ac- 
customed to it, he can see, at the first glance, 
the properties of the vessel. 

When thus brought to a system, forms of 
tables could be printed and bound in a book, 
for the use of shipbuilders. 

The general formula for this steamboat is — 

W3.375X0.824) „„„ /ISS.S X 1535 X ION ,„„ ) 4.5X1-25. 
D_3.375X1.S75 J •'' v.. JS 6.75X1.125 ^^""53.685X1.375. 

When the shape of the vessel is thus ob- 
tained and recorded, divide the frames as re- 
quired in building the ship. 

The forniula for the steam-propellor repre- 
sented on the plate is — 

W2.6X1J 66 625 r^'^OX 15 X15\ „,„,, J2X1.18. 
D 2X2 J 06.6.iS (^ JB3X1 ; 81.375 j 2X2. 
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The general shipbuilding tables from formula 
3, have been calculated, corrected, and rear- 
ranged several times. The undertaking is simi- 
lar to that of calculating tables of logarithms, 
and although equally extensive, is much more 
complicated, and too great a ' task for a single 
individual. The immense amount o'f labor 
which has been spent on logarithms by different 
mathematicians, in different countries, is well 
known, as also that it -required some two cen- 
turies before they were brought to a condition 
of thorough reliability. 

Baron Napier invented the foundation of 
logarithms printed in his Canon Mirabilis Lo- 
gariihmorum,: in the year 1614, but started on 
an inconvenient basis, which was improved, by 
Professor Henry BriggS;in 1615, who calcu- 
lated our present common logarithms for the 
natural numbers up to 30,000, and in 1628, the 
logarithms for all natu.ral numbers were com- 
puted for the first time up to 100,000. Since 
then the logarithms have been calculated over 
and over again by different mathematicians, 
who have continually discovered errors in the 
same, until very recently the last edition of 
Vega's tables has been generally accepted as 
^orrect. 
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The shipbuilding tables may be considered 
in a similar' situation. 

The difficulty is first to calculate a complete 
and well-arranged set of tables, then to have 
them perfectly corrected and purged from 
errors; all of which could have been accom- 
plished* in the Bureau of Steam-Engineering, 
had I only succeeded in securing for them the 
appreciation of the Navy Department. 

The individual sacrifice of labor and tim« 
necessary to perfect these tables is altogether in- 
conceivable by the uninitiated, and would never 
be compensated by the immediate sales of such 
a publication. I, therefore, amidst my multi- 
farious and pressing engagements, leave to 
others both the profit and distinction that may 
accrue from their ultimate perfection, and will 
cheerfully contribute my quota as a purchaser, 
to their cost, rather than assume this herculean 
labor myself. 
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Constbuctoe's Office; U. S. Navy Yard, 
Philadelphia, Sept. 14, 1865. 

SiE : I have examined your proposed method 
of constructing ships, called the parabolic con- 
struction, and am of the opinion it will be very 
useful for"the shipbuilding profession, and think 
it embraces, in full, the merittherein described.. 
I am, very respectfully, 
Your obedient servant, 
W. L. HANSCOM, 
Naval Constructor. 
3. W. Nystrom,' 
Oivil Engineer, 
Philadelphia. 
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Philadelphia, Sept. 14, 1865. 

Sir: Having been shown the system pro- 
posed by you for calculating the data necessary 
.in the construction of the models of vessels, I 
am of the opinion, that so certain and easy a 
mode of ascertaining the shape and dimensions 
hitherto assumed by individual judgment, 
would be immensely valuable to the profession. 

And with regard to the principle on which 
said system is based, I have no reason, from 
my present knowledge of it, to doubt that by 
its adoption, at least a great improvement in 
models over the average now made would 
result. . 

Very respectfully, 

J. VAUGHAN MEREICK. 

J/ W. Ntstrom, Esq. 



EESIGE"ATI.0I!^. 



.Navy Department, 
Washinoton, D.O., July 8, 1865. 

Sib : I respectfully beg leave to tender my 
resignation as Acting Chief Engineer in the 
U. S. Navy. 

At the time the Navy Department paid me 
the compliment of declining a previous resig- 
nation (tendered On the 3d of Febfuary last), I 
gave as a reason that "the pay was much less 
than I could obtain in private employment, 
whilst the living was much higher in Wash- 
ington." 

However true this may have been, the real 
reason for tendering my resignation, both then 
and now, as stated to Mr. Isherwood, the Chief 
of the Bureau of Steam-Engineering, was that 
I have failed in bringing my attainments and 
qualifications to the notice and due appreciation 
of the Department. 

My present duties are limited, I may say, to 
questions of simple arithmetic, which could be 
8 
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performed by a schoolboy, whilst my engineer- 
ing knowledge, which is actually needed, and 
could be advantageously employed for the 
benefit of the navy and the country, is thrown 
away. 

Under a conviction that my knowledge of 
naval.engineering would render me eminently 
useful, and that from the present condition of 
the country the Department actifally requires 
the utilization of every possible means which 
could be directed to the advancement of this 
paramount interest, I cannot conscientiously 
continue on the pay-rolls of the navy whilst 
the class of services I am required to render 
are at once so unworthy of myself, and so in- 
adequate a requital to the government for the 
emolument which .it so generously confers 
upon me. 

I have, the honor to remain, 
Your Excellency's ob't serv't, 
JOHN W. NYSTROM, 
Act. Chief Engineer, U. 8. N. 

Hon. Gideon Welles, 
Secretary of the Navy. 
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Washington, July 10, 1865. 

The acceptance of my resignation, tendered 
on the 8th inst., was received this morning. 

I have thus resigned a position in the navy 
where my professional attainments are most 
needed, and where my engineering knowledge 
could not be utilized because there was no one 
in the Navy Department who could appreciate 
or employ them. There is work in the Bureau 
of Steam-Engineering for a dozen engineers of 
my qualifications, and there are now many 
good mathematicians in that Bureau who w;ould 
be very glad to undertake such work as is now 
needed in the organization and instruction of 
the Engineer Gadets, but there is no one in the 
Department with adequate technical knowledge 
to take the lead in such an important enter- 
prise. 

The Navy Department is apparently unaware 
that, our present scientific books are not only 
inadequate to meet the* requirements of the 
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day, but mucli of the matter existing in them 
is very confused, without order or classificatioD, 
and some of it i^ not correct. Besides, many 
of our scientific books contain an unnecessary 
burden for students. 

In the multifarious studies required in our 
days by Naval Engineers, it is of great im- 
portance to economize their time and labor. 

The science of dynamics is yet in a very 
complicated and confused condition, without a 
specific meaning being attached to the terms 
employed. Correspondents are constantly 
seeking information, through scientific jour- 
nals, on the subject of dynamics, and invariably 
receive confused answers, in verification of 
which a few examples may be given. 

The Scientific American, of November 26. 
1864, informs its correspondents that "the size 
"and weight of a flyrwheel must be in proper 
"proportion to the machine which it is designed 
" to regulate, and this is determined by observa- 
" tion and experience ; it cannot be calculated 
"by any mathematical rule. Within the limit 
" usually adopted by mechanics, our preference 
" is for light wheels of large diameter, rather 
"than for heavier ones of smaller diameter. The 
"regulating po.wer of fly-wheels is in proportion 
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" to their weight multiplied by the square of 
"their velocity." 

Here it is asserted that the weight of a fly- 
wheel must be in proper proportion to. the 
machine! whilst we know that many machines 
run well without a fly-wheel ; its sole function 
and ofiice is to approach uniformity of motion 
by regulating alternate irregular worki The 
Scientific American says that "the proper size of 
the fly-wheel cannofbe calculated." The action 
of a fly-wheel, however, is calculated and de- 
termined as easily as a simple problem in ge- 
ometry; but we have yet no books where this 
is properly explained. 

An Buglish scientific journal informs its cor- 
respondent that " the size and weight of fly- 
" wheels are usually determined from practical 
"experiment. There is given an elaborate 
" theory of the fly-wheel in Moseley 's Mechanical 
" Principles of Architecture ana Engineering, but 
" the formulas deduced are very intricate." 

The formulas here quoted are complicated, 
because the subject is not properly under- 
stood. 

The Scientific American also for Sept. 10, 1864, 

informs its corresponderrt that "when a body 

" is raised slowly, the power required to over- 

" come the inertia is inappreciable, and must be 

8* 
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" disregarded in reckoning the work done. But 
" when the velocity is appreciable, it must be 
" considered in computing the work. This part 
" of the work is in proportion to the square of 
" the velocity." Now the work required to raise 
a iaody is. equal to the weight of the body mul- 
tiplied by the height to which it is raised, inde- 
pendently of velocity. The work expended on 
the inertia in starting the body, is re-utilized 
when it is brought to rest. From the Scientific 
American, we may infer that work is. required 
to overcome the inertia, while the body is raised 
with a uniform velocity. » 

Another correspondent is informed that " the 
" vis-viva, or force of a moving body, is in pro- 
" portion to the square of the velocity, and the 
'' power required to impart velocity is in the 
" same ratio. It therefore requires an expendi- 
" ture of four times the force to impart double 
" velocity either to a projectile or to a revolving 
" wheel." 

Here force, power, and work are, as usual, 
confounded with each other. A .force of one 
pound can give as much velocity to a body free 
to move as a force of a hundred pounds, if 
time be disregarded.- In equal times, the force 
is directly as the velocity. In equal space, the 
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force is as the square of the velocity, or in- 
versely as the square of the time. 

The science of dynamics is yet in the condi- 
tion which geometry would be without illus- 
trations. Dynamical quantities are physical 
operations, and canno|^ be recognized as mate- 
rial or geometrical objects, but must be con- 
ceived from algebraical formulas. But among 
the very best mathematicians, there are few who 
can conceive the true configifration of an ob- 
ject when it is simply expressed in a compli- 
cated formula. Dynamical quantities, such as 
force, velocity, and time, and their combinations, 
into power, space, and wOrh, can be compared 
with and illustrated by geometrical objects, and 
thus made to present a clear conception to the 
mind, without which it is often difScult, if not 
impossible. At least, I have not myself been 
able to form a clear conception of dynamics 
without the aid of adequate illustrations. 

It yet remains to explain and illustrate how 
work is accumulated in, and dktributed by a 
fly-wheel ; howlbe combination and distribution 
oS work in machinery in general is performed 
— such as the operation of the moving mass in 
our present propeller-engines, which constitutes 
a very important item in the success of the 
machinery; how the work required to transport 
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a given cargo a given distance, in different 
forms of ships with different speeds is achieved ; 
all this, yet remains a mere conjecture, is spoken 
of as a craft to be acquired only by experience, 
and the rationale of the problem has never been 
given. 

I proposed to the Engineer-in-Ghief of the 
Navy, Mr. Isherwood, to clear up this subject 
of dynamics for the Naval Engineer Cadets, 
• but the proposition was in vain. 

Whatever I proposed in that quarter, whether 
based upon true scientific principles which 
could not be disputed, or upon ideas which are 
avowedly in successful operation in different 
parts of the world, was obdurately declined 
and invariably overwhelmed with quack reason- 
ing, informing me that what they already did 
was perfection, and that every possible idea was 
exhausted for ages to come. 

The disposition to suppose that w'e have 
reached perfection actually bars the path of 
progress in the Navy Department, and that 
illustrious Cmef, with all his talent, will never 
progress, until he finds out that he is behind 
the time. 

By reason of a want of a proper development 
of the science of dynamics, even Mr. Isherwood 
has committed serious blunders in his elaborate 



AND SHIPBUILDING. 93 

works on steam-engineering; a reference to 
one instance of which will be sufficient to jus- 
tify this statement. 

In the Engineer's Precedent, vol. 2, page 26, 
Mr. Isherwood divides the equivalent of horse- 
power 33j000 foot-pounds by Joule's dynamic 
equivalent of heat 772 foot-pounds; and he 
calls the quotient 42.7461 pounds of water 
raised one degree Fah., the thermal equivalent 
of an indicated horse-power ! This is non- 
sense. 

The equivalent of one horse-power is a force 
of 33,000 pounds, moving with a velocity of one 
foot per minute, or the product of force and 
vehpity; whilst the dynamic equivalent of heat 
is a ffl|ce of 772 pounds moved throjugh a: space 
of one foot. But space is the product of time 
and velocity, for which the dynamic equivalent 
of heat, will be the product of the three simple 
elements, force, velocity, and time, which is worh. 

Therefore, if power is divided by work, the 
quotient will be the reciprocal of time, instead 
of the thermal equivalent of indicated horse- 
power, as erroneously asserted by Mr. Isher- 
wood. 

This error is carried through his two vol- 
umes of Experimental Reseaches in Stearri-Engi- 
neering, and he has based thereon some very 
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important calculations and decisions, on the 
efficiency of different kinds, of coal, on the 
evaporative eificiency of different kinds of 
. boilers, and on the economy of the expansion 
of steam! 

Other engineers have thus been led into the 
same errors, some of which have been repeated 
in scientific journals. 

We have yet no books for the schools or 
colleges, which explain the difference between 
foot-pounds of power, foot-pounds of worh, and 
foot-pounds of momentum. 

In order to clear up the science of dynamics, 
it will be necessary to abolish a number of 
useless terms which now confuse, the. subject 
and to establish a specific meaning f|p the 
terms retained. To give authority to such a 
proposition, I submitted a paper on the subject 
to the National Academy of Sciences, at its 
meeting last January; but the Academy de- 
clined to act upon it, and informed me that 
the subject has been sufficiently discussed. 

The paper submitted is as follows : — 
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Navt Department, 
Bureau of Steam-Engineering, 

Washington, Deo. 14, 1865 
To {he Chairman of the National Academy. of Sciences, 
Washington, D. 0. 

Sib: I most respectfully req^uest that you 
would invite the attention of your scientific 
association, at its next meeting, to the enclosed 
papers on the science of dynamics, and oblige, 
Yours, most respectfully, 
JOHN W. NYSTEOM, 

Engineer U. S. N. 



COMMUNICATION TO THE NATIONAL ACADEMY OF 
SCIENCES, ON DYNAMICS. 

.The science of dynamics seems yet to be in 
an unsettled condition, since students, from 
different colleges and even from the same col- 
lege, are found to differ as regards the true 
meaning of dynamical terms ; and our school- 
books seem to be unnecessarily ambiguous on 
that subject. 

Independently of the numerous terms differ- 
ently applied, the substance of the subject is 
often misconceived, and not altogether rightly 
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represented. This want of order and perspi- 
cuity in the subject is not at all dueto intrinsic 
causes, and it would seem that the science of 
dynamics can be represented in a very clear 
and simple fofm. An effort to this effect is- 
contained in the accompanying papers. 

ON THE ELEMENTS OF DYNAllICS. 

Force is a, mutual tendency of bodies to at- 
tract or repel each other. Its physical consti- 
tution is not yet known. We only know its 
a'Ction, which is recognized as pressure and 
measured by weight. The unit of .weight being 
assumed from the attraction of the earth upon 
a determined volume of any specific substance; 
for example, the force of attraction between 
the earth and 27.7 cubic inches of distilled 
water, at the temperature of 39.8° Fah., in an 
atmosphere balancing 30 inches of -mercury, 
at the level of the sea — ^is called one pound 
avoirdupois. 

Force is the first element of power and work, 
and may be likened to length, which is a pri- 
mary element in geometry. Force will here 
be denoted by the letter F, expressed in 
pounds. 
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Velocity is the second element of power 
and work, and may be likened to breadth in 
geometry. It is that continued change of po- 
sition recognized as motion,-and is here denoted 
by the letter F, expressed in feet per second. 
Velocity is a simple element, although it ap- 
pears to be dependent on time and space, but 
the space is divided by the time, and therefore 
both eliminated from the velocity. 

Time is the third element of work, and may 
be likened to thickness in geometry. It im- 
plies a. continuous action recognized as dura- 
tioiK Time is here denoted by the letter T, 
expressed in seconds.. 

Power is a function of the first two elements 
— force F, and velocity V, — as area in geometry 
is a function of length and breadth. Power is 
here denoted by P=F F, which means that 
the power P is the product of the force F mul- 
tiplied by the velocity F. The power so ob- 
tained is expressed in foot-pounds, and called, 
dynamic effect, of which there are 550 in a 
horse-power ; or, if the velocity is measured 
in feet per minute, there will be 33,000 foot- 
pounds in a horse-power. Power is independ- 
ent of space and time, but it has often been 
confounded with Work, which essentially de- 
pends on time and space. 
9 
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Space is a function of the second and third 
elements — velocity V, and time T, — and may 
be likened to a cross-section of a solid, which 
is a function of breadth and thickness. Space 
is here denoted by S'= V T,- which means that 
the space /S is the product of the velocity V 
and the time T, expressed in linear feet. 

Work is a function of the three elements — 
force F, velocity V, and time T. It may be 
likened to a solid • in geometry which has the 
three dimensions, length, breadth, and thick- 
ness. Work is here denoted hj K=F VT, 
which means that" the work K is the product 
obtained by multiplying together the three 
elements — force F, velocity V, and time T: 

Work may be denoted by K= F S, or the 
product of the force jP multiplied by the space 
/S, where it appears as if the work was inde- 
pendent of time, but the time is included- in 
the space S^ VT. 

Work may also be denoted hj K= P T, 
which means the power P multiplied by the 
time T. Either of the three cases expresses 
the work in foot-pounds. 

Force, velocity, and time are simple physical 
elements. 

Power, space, and work are functions or 
products of those elements. 
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It appears that F V T is the mathematical 
definition of a trinity of physical elements 
which governs the material universe. All 
action of whatever kind, whether mechanical, 
chemical, orrlerived from light, heat, electricity, 
or magnetism ; all that has been, and is to be 
done or undone, is copiprehended by this triurae 
function, F VF. It is omnipotent, ubiquitous, 
and eternal. 

I am, at -present, stationed in the Bureau of 
Steam-Engineering of the U. S. Navy Depart- 
ment, where occasions have often arisen to 
discuss the subject of dynamics with naval en- 
gineers, some of whom have studied Mbseley's, 
Bariletis, or WeisebacKs Mechanics ; and yet 
most of them not only differ with me, but also 
disagree amongst themselves regarding the 
precise meaning of dynamical • terms. They 
all seem to agree that time is included in power, 
but that time is not included in work. .Their 
argument runs thus: "The unit of power is 
" 33,000 lbs., lifted one foot per minute, whilst 
/'the unit o£worh is one pound lifted one foot, 
" independent of time." Some of them do not 
recognize the term power, and say that power 
is work done in a certain time. 

My own argument is, that space is the pro- 
duct of time and velocity ; and when we say 
per minute or per any unit of time in the ex- 
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pression of horse-power, meaning a force of so 
many pounds raised so many feet in a given 
time, we divide the space by the time, and the 
result is only force and velocity, the time being 
eliminated, as appears in thefornlulas follow- 
ing. 

The popular expression, of power is — 

T 
But when 8=VT 

we have P = ?^^^= F V, 

or y disappearing, and power thus contains no 
time. 

Work is generally known to be the ope- 
ration- of raising a given weight to a given 
height, as a force passing through a given 
. space. But this height or space cannot be 
attained without time and velocity — it& consti- 
tuent elements — as before stated. 
The popular conception of work is 
K=FS, 
but when 

we have 

K=FrT, 
or time is one element in work. 

I am the author of a pocket-book of mechanics 
and engineering, of which a copy accompanies 
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this paper. /This book is now to be found in 
most parts of the civilized world. It was 
compiled when I was a boy, and as soon as 
time and means will allow, it is my intention 
to rearrange the whole book, addjng much 
valuable matter which has not heretofore ap- 
peared in print, and putting the subject of 
dynamics into some kind of standard form. 
But before so doing, I wish to consult the 
National Academy of Sciences as to what dy- 
namical terms are to be accepted as proper. 
The first question stands thus — 

El^ents ? Functions ? 

Force = F? Power P=F V? 
Velocity - V? Space 8= VT? . 
- Time = T? Wovh K=Fm 

Is it right to consider F, V, and T as ele- 
ments ? 

Is it right to denominate F, S, and 5!" func- 
tions? 

Are power P, space S, and work K, com- 
posed, as indicated by the above formiilas ? 

In chemistry the .combination of simple ele- 
ments is called "a compound." By what corre- 
sponding term can we denominate the combi- 
nation of physical elements ? 

In mathematics a function is called any 
9* 
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quantity obtained by whatever process or ope- 
ration indicated by a formula. Accordingly 
a simple element might be called a function, 
although it is self-evident that a simple ele- 
ment by ijiself cannot be considered a function. 

When F=-=, can we not say that the function 

S is resolved into its elements ? 



Let. a constant force F, act on a body of 
weight W, in the direction of the arrow. F 
and W being measured by the same unit of 
weight, and no other force acting on W; then 
we know that the acceleratrix of the force F 
will be — 

G= w 

when g = 32.166, the acceleratrix of the force of 
gravity at the surface of the earth. 

Let the force F act for any length of time 
T, then we know- from the law of gravity, that 
the velocity attained will be — 
F= GT. 

Let V denote the velocity at any time t, then 
the power in operation will be — 

P = Fv, 
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and the differential work will be 

dZ"= Fvdt. 
but 

v= Gt 
and 

■ dK==FGtdt, 

the work 

FGt^ 



K=^FGtdt= 



2 

Let the work be integrated from i! = o to 
t=T-we have — 

^ FGT' . 

^=— ^— , . . . i 

K-^^^ 2 



and 



^=^^^ 



26^' 

which are the three forms of work accom- 
plished by the force F acting on a bodj W. 

We know that F= , which inserted 

in the above formulas, will give the same work, 

expressed by the weight of the moving body. 

' WG^T'^ 

K=-^^-±-, ... 4 

9 ■ 
^ WGVT 

-K= — 5 > ••• • • Q 

^9 

K=~-, ... 6 

^9 
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These formulas give the three forms of work 
concentrated in a moving body W. We have 
thus six different formulas expressing the 
same work K. .Cannot this work be denomi- 
nated by one generic term ? 

The case is the same for all circular motion, 

where F=-4k-^; »•= radius of ^gyration, 

n= revolutions per minute. 

Vis-viva, or living force, expressed by MV^, 
seems to be the most unfortunate term in 
dynamics, as it has caused so much controversy 
and confusion. When Jf means the mass of a 
moving body, the term M V^ represents double 
the work concentrated therein, the true work 
being that represented by formula six. Vis- 
viva is, therefore, substantially the same as 
work. In fact, if vis-viva means living force, 
there is no more vis-viva in a moving mass than 
in one at rest, and therefore it does not express 
what it means. It requires F V T and nothing 
else to set a body in motion. It requires FV T 
and nothing else to bring a moving body to 
rest. It 'm F VT and nothing else that can 
change the motion ■ of a body. F being an 
external force, equal to the force of inertia in 
the moving body. I would, therefore, pro- 
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pose to reject tte term vis-viva in its present 
acceptation in dynamics. 

In the estimate of foot-pounds of power, I 
have made a deviation from Watt's rule. The 
unit 33,000 pounds raised one foot per minute 
I think is very unnatural, A velocity of only 
one foot per minute cannot be clearly con- 
ceived; it is only 0.2 or J of an inch per 
second, the velocity of a snail ; on the other 
hand the weight of 33,000 pounds, or about 15 
tons, is too large, and very few can form a clear 
conception of its magnitude. A horse cannot 
lift directly a weight of 15 tons ; the ordinary 
null of a horse is 200 to 300 pounds, and a 
horse cart-load is about one ton. Therefore it 
is my humble opinion that the foot-pounds of 
power ought to be brought nearer the ordi- 
nary performance of a horse, or one pound 
lifted one foot per second as a foot-pound, of 
which there will be 550 foot-pounds per horse 
power, A velocity of one foot per second is 
conceivable, and 550 pounds can be lifted by a 
horse. This kind of foot-"pounda is used in 
most parts of Europe, The Swedish horse- 
power is 600, and the German 513 foot-pounds. 

Would it not, therefore, for the reason stated, 
be better to call a horse-power 550 foot-pounds, 
instead of 33,000 ? Would it not be well, also, 
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to establish an additional unit for work? One 
pound-raised a space of one foot is called one 
unit of work, by which the labor a man -is capa- 
ble of performing in a day, will be represented 
in millions. The power of an ordinary man is 
about fifty pounds raised with a velocity of one 
foot per second, which will amount to between 
one and two millions of foot-pounds of work in 
one day. 

Let us assume the work accomplished by one 
horse-power in a time of- one hour to be a unit 
for physical work ; which will be the same as 
that of eleven men working one hour, or that 
of one man working one day of eleven hours. 
In order to clearly distinguish this unit from 
that of power, let it be called a workmanday, 
which means a man's day's work. 

A worhmanday expressed in force and space 
will be 550x3600=1,980,000 foot-pounds. 

All kinds of work can be estimated in work- 
mandays, such as building a house, steamboat, 
or a bridge, digging a canal, ploughing the 
ground, steam-boiler and gunpowder explo- 
sions, the capacity of heavy ordnance, &c. &c. 

Would it be proper, then, to introduce such 
unit as this for work? 

The National Academy of Sciences declined 
to answer the foregoing questions at the time, 
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and as I do not feel disposed to lay the subject 
aside, have now published the same in my 
Pocket-Book of Mechanics and Engineering, 
and hope the Academy of Sciences, at its conve- 
nience, will give me the benefit of its criticisms. 

The attention of our scientific men seeias to 
be wholly absorbed in the polarized light, the 
compound microscope, and Spectrum analysis; 
which indeed are very interesting subjects, and 
we hope may ultimately lead to the revelation of 
the physical constitution of light, heat, and 
forc^, and thereby relieve us from our present 
method of generating power by means of the 
cumbrous steam-boiler. But they have gone- 
so far and deeply into the sciences that they 
have left us practical engineers far behind, toil- 
ing in the dark, and when we hail them we 
receive no answer. 

If we could only succeed in "bringing steam- 
engineering under the compound raicroscope; 
or if it would produce a line in the spectrum, 
it might be profoundly analyzed by our scien- 
tific professors. 3ut although our naval engi- 
neering was magnified some thirty millions ($ ?) 
in the case of the light draft monitors, a certain 
Fo?: was hot detected in it, whilst in the spec- 
truni he could not possible have escaped making 
a line. 
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In a period when steam-'engiaeering is not 
considered sufficiently important, or is not 
sufficiently advanced, for the Corps of Na,val 
Engineers to be worthy to be represented in 
the National Academy of Sciences, we cannot 
expect the members of such an Academy to be 
familiar with, or to appreciate what is wanted 
in the practical operation of machinery, with 
which they have no connection. 

The science of dynamics is represented in its 
simple form in the tenth edition of Nystrom's 
PocketBook, but the space is there so crowded 
that it does not admit of full explanation with 
illustrations. 

About a year ago, when I told Captain Fox 
that I had some valuable matter on hand 
which would be useful for the naval engineer 
cadets, he answered, "If you have anything 
" new, you just take out a patent for it ; we have 
"a patent office. for that purpose." 

Captain Fox then also told me about what 
Democratic Governments do not do, and what 
Monarchical Governments do do, very much in 
the style of his previous observation. 

I wish Captain Fox to know that I believe 
myself to have a better opinion of a Democratic 
or Eepublican form of Government than he has. 
My humble proposition had nothing whatever 
to do with the form of Government. Captain 
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Fox, however, left the impression on me that 
his ideas about Monarchical Governments are 
what he has learned in Shakspeare, and as it 
was in Europe a hundred years ago. 

The Navy Department is now attempting to 
reorganize the Corps of Naval Engineers. 
Captain Fox\ tries his best to subordinate the 
engineers to the Line Officers,_and the engineers 
in the Department strain their efforts to secure 
rank and position, all with self-interest in view, 
but no proposition seems to be offered to pre- 
pare the new corps of engineers (by receiving 
the proper learning) to maintain with dignity 
whatever rank and position may be assigned 
to it. Give the corps a thorough technological 
education, and it will become able to take care 
of itself respecting rank and position ; for in 
the present feeble conception of the value and 
importance of mechanical skill and of the 
range of knowledge in steam-engineering pre- 
valent in the Navy Department, it is useless to 
argue about questions of rank, position, and 
responsibility of the corps of engineers. 

The Washington Navy Yard contains a very 
extensive mechanical establishment for the 
building of marine engines and boilers, the 
superintendence of which is now -intrusted to a 
mechanic, brought up in that place, and with 
10 
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no further scientific education. However ac- 
complished this mechanic might be in his 
limited profession, he cannot possibly fulfil the 
requirements of such an establishment in con- 
nection with the different mechanic arts and 
sciences which it involves; neither can he 
command the respect requisite in the proper 
execution of such a responsible office. 

These remarks were made in the Navy De- 
partment, and were answered thus: "All the 
drawings are made here in miaute details, and 
there 'is no more knowledge necessary in the 
yard than to follow the drawings." 

Such expressions of disregard for the know- 
ledge required in the execution of work were 
frequently met with. 

The Navy Department, where the drawings 
are made, is some three miles from the yard 
where the work is executed. The chief 
draughtsman visits the works perhaps once a 
■week, and remains there an hour or two, which 
is considered a sufficient connection between 
the drawing-room and the workshops. The 
absurdity of this arrangement can well be con- 
ceived, for we know by experience, in well- 
regulated establishments, that for the proper 
execution of the drawings, in regard to economy 
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and utility in the work, the draughtsman re- 
quires constant access to the patterns, pattern- 
shop, and to the different branches of the es- 
tablishment; and that there is constant con- 
sultation going on between the draughtsmen 
and the foremen in these different branches. 

In Washington these parties are separated 
by a distance of several miles, in consequence of 
which the character of the design, the economy 
and the progress of the work, suffer consider- 
ably. However able or talented draughtsmen 
or engineers may be when entering the Navy 
Department, they will soon be spoiled, which is 
readily evinced in their fancy design of ma- 
chinery with mouldings and ornaments, not to 
be found nowadays outside the Bureau of 
•Steam-Engineering. 

These draughtsmen, I believe, are all En- 
gineers in the Corps, and seem to display a 
goodly array of talent. Many of them have 
received collegiate educations, are accomplished 
mathematicians, and well versed in the physical 
sciences, but for want of a technological educa- 
tion, they are naturally deficient in the applica- 
tion of their scientific knowledge^ and much of 
what they would be able to apply and cultivate, 
cannot be utilized when thus separated from 
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the field where the seed of their education 
ought to be planted. 

The Navy Department is now about to pump 
steam-engineering into Line Officers at the Na- 
val Academy, Annapolis, and to make engine- 
. drrvers (as they, call it) out of ensigns, masters, 
and midshipmen, by sending them to sea, and 
having them stand watch in the engine-room ; 
by which means it is expected to make stea,m- 
engineers in the space of two years! How easy 
the Navy Department must think steam-en- 
gineering to be! This mode of making steam- 
engineers is surely the greatest invention of 
the age; and Captain Fox, the ostensible au- 
thor of it, had better take out a patent for that 
bubble before it bursts ; " we have a patent 
office for that purpose." 

During the war Captain Fox kept in his 
room models of machinery and vessels sub- 
mitted by civilians to the Navy Department. 
He decided what was to be done and not to be 
done in questions of naval engineering. He 
undertook to superintend the construction of 
vessels in the Bureau of Construction. He 
selected models for the constructors to make 
drawings of. 

Now, for "the sake of argument, let us sup- 
pose that Captain Fox ft, by nature, gifted with 
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a peculiar faculty which enables him to guess 
which model of vessel is best for a desired 
purpose. A vessel is built from that model, 
and proves to be satisfactory or not. Neither 
Captain Fox nor the constructors in the navy 
are yet able to judge or record the peculiarities 
of that vessel, in form of scientific arguments, 
why it did or did not come up to what was 
anticipated. In case it proved to be a good 
vessel, there might still never be another one 
built like it, and Captain Fox's superintendence 
■will thus only satisfy his own personal ambition, 
without leaving recorded a,nd permanent results 
for the future benefit of the navy. 

Now if Captain Fox had allowed the intro- 
duction of the science of shipbuilding into the 
Department, the achievements of his own talent 
might have been recorded and perpetuated for 
the benefit of the country. 

In my humble judgment, I believe Mr. Len- 
thal has attained great perfection in the con- 
struction of ships, for which reason I was very 
anxious to give his lines a scientific ijavestiga- 
tion, but he would not allow me to see his best 
drawings. The ship's drawings intrusted to 
me in the Department, through the request of 
Mr. Isherwood, for information required in the 
Bureau of Steam Engineering, were of some 
10* 
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twelve different vessels, of which only two were 
of Mr; Lenthal's construction. It appeared that 
Mr. Lenthal would not allow me to explore his 
late ships' drawings, even at the request of 
Mr. Isherwood. The engineers in the Depart- 
ment are not allowed to see the ship's draw- 
ings, except through the kindness of some 
clerks, who, in Mr. Lenthal's absence, ran the 
risk of letting some of them be seen. I did 
not avail myself of such an opportunity, for 
although I have the highest regard for Mr. 
Lenthal as a constructor and shipbuilder, his 
drawings would not warrant such a proceeding 
on my part. 

The engineers in the Department generally 
evince a strong appetite for learning, and when 
I received some few old ships' drawings from 
the Bureau of Construction, they generally 
surrounded them with a manifest anxiety to 
gather information, and remarked that "it 
" must have broken Mr. Lenthal's heart to have 
"given these drawings out of his office." 

In case it were the policy of the Government 
to keep their ships' drawings secret from a de- 
sire to promote the interest of the country, I 
would heartily acquiesce ; but it is a question 
of considerable importance whether such a 
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policy would not act detrimentally rather than 
otherwise. 

If a knowledge of shipbuilding is to be re- 
stricted only to a chosen few constructors in 
the navy, it would be by a rare accident only 
that those of adequate capacity would be hit 
upon, while if thrown generally open, it' would 
scarcely fail to reach many whose talent in that 
particular would be unquestionable. 

In reality, this attempt at secrecy is a folly, 
for in .view of the conspicuous enterprise and 
fertility of the American mind, we need not 
fear to be behind the time by a liberal diffusion 
of useful knowledge, for unless we sow, there 
can be no harvest. 

The farther we look back on the art of ship- 
building, the more secret it appears to have been 
kept, until, at the present time, some of our first 
shipbuilders not only freely expose their draw- 
ings to observation, but even allow them, to be 
published. 

The lines of the fastest and best of the Eu- 
ropean steamers, namely, the "Persia," and 
others, are published in McKensy's Shipbuild- 
ing, and those of the "Scotia" also are published 
in Scott Eussel's work. 

The sloop of war of the Wampanoag class, 
intended for great speed, we have reason to 
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suppose, have the most perfect lines of the day, 
which, in connection with their intended great 
propelling power, afford a very interesting -field 
for scientific investigation, the result of which 
might be of great value to the Corps of En- 
gineers, but will now probably be lost to them 
through a personal jealousy. 

This jealousy is by no means limited to the 
Navy Department, but is met with in all direc- 
tions, and frequently intercepts scientific in- 
quiry. It is an epidemic disease which can be 
cured only by technological education. 

Once, in a scientific meeting, efforts to ex- 
plain the science of steamboiler explosions, and 
how to prevent the same, were silenced by the 
president of the meeting calling me to the chair 
and whispering, "Don't say anything about 
" boiler explosions." The discussion was ac- 
cordingly dropped and lost. 

An explanation of the cause of steamboiler 
explosions is a question demonstrably within 
the reach of science, as much so as a problem 
of geometry. 

In many cases explosions are indicated a 
long time before they octur, and could be easily 
prevented. The terrible explosion on board 
the steamer Sultana, on the Mississippi, and a 
great many other similar disasters, were indi- 
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cated several hours before they occurred, all of 
which could have been prevented, and a great 
number of lives saved. 



ON STEAM-BOILER EXPLOSIONS. 

m 

It has hereinbefore been explained what is 
meant by work, namely, the product of the three 
simple physical elements /orce F, velocity V, and 
time T, or work 

K=FYT. . .. • 1 
The heat required to elevate the temperature 
of one pound of water one degree Fah. is as- 
sumed to be one unit of heat, and found to be 
equivalent to the dynamic effect of 772 foot- 
pounds ; or one unit of heat can raise 772 pounds 
one foot, or one pound to a height of 772 feet. 
The heat in the steam and water in a steam- 
boiler is equivalent to such a proportion of 
work, or the steam-boiler is a reservoir of work 
which is generally dealt out .in homoeopathic 
doses to work a steam-engine. But when the 
entire stored work, K= F VT, is suddenly 
started, as in the case of the bursting of a boiler, 
the steam and water in the form of a foam, im- 
pelled by the heat, performs a proportionate 
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destruction in the explosion, the force of which 
will be 

F=— . . .2 
VT 

From this formula we see that the less time 
occupied by the explosion the greater will the 
force be, or if the time is infinitely small, the 
force of the explosion will be infinitely great. 

It has been assumed that explosive gases are 
sometimes formed in steam-boilers, which cause 
explosions ; but the concentrated work in the 
steam and water is amply sufficient to perform 
the destruction without the aid. of any further 
explosive gas. 



DESTRUCTIVE WORK OF STEAM-BOILER EXPLOSION. 

When steam-boiler explosions take place, the 
inclosed water is resolved into one volume of 
boiling hot water, and one volume of steam, as 
follows : — 

Notallon of Letters Prior to Explosion. 

W' = total weight in pounds of the water 
in the boiler under full steam pressure. 
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w' = pounds of water evaporated in the ex- 
plosion. 

h = units of heat per pound in the water W.. 

H= units of heat per pound in the steam of 
pressure P. 

H' = units of heat per cubic foot in the 
steam P., 

P = pressure of steam in pounds per square 
inch. 

Y= volume coefficient of steam. 

Then the water evaporated in the explosion 
will be 

,_ W'E{h-\SO.^) 

824.8 • • • • 

The destructive work K of the explosion 
will be in foot-pounds. 

K= ^' ^^ (h-180.2) ( F— 1) (2.3 hg.P 
5.728 H'V 

—1.6848298) ... 4 

By exemplifying this formula, it will be 
found what an enormous destructive energy 
there exists in steam-boilers. 

For values of the letters, and also examples, 
see Nystrom's Pocket-Book, tenth edition. 

When the steam pressure in any part of a 
boiler is suddenly removed, the entire work 
concentrated therein is started with a violence 
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proportioned to the removed pressure, and 
the steam and water, in the form of a foam, 
strike the sides of the boiler, by which the 
work is suddenly arrested. If the time of 
arresting the work is infinitely small, we see 
from the formula 2, that the force of the work 
will be infinitely great, and thus the boiler ex- 
plodes. 

The sudden removal of pressure, which in- 
variably leads to the explosion, is derived either 
from bursting or by collapse of some part of the 
steam-boiler; for instance: — 

1st. By long use boilers become corroded 
and give way in some unexpected place, which 
ought to have been detected by inspection, or 
in cleaning. 

2d. The general construction with staying 
and bracing of steam-boilers is often very care- 
lessly executed and results in explosion. This 
kind of explosion is often indicated, long 
before the accident occurs, by leakage of the 
boiler ; when the engineer, not suspecting the 
approaching danger, limits bis remedies gene- 
rally at efibrts to stop the leak. The leakage 
from bad calking or packing is easily distin- 
guished from that of bad or insufficient bracing. 
In the latter case the fire ought to be hauled out, 
the steam blown off very slowly and carefully. 
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SO as to make as little disturbance in the work 
as possible, or it would, be safest to work off 
most of the steam by the. engine ; after which 
the boiler should be secured by proper bracing.* 

*,Teeeible Steamboat Disastek. — Memphis, March 5. 
The R. J. iocituood, bound from New Orleans to St. Lquisj 
exploded, ahout seven o'clock last evening, while eighteen 
miles below this, city, and afterwards burned until she 
sunk. She was inspected at New Orleans on last Wednes- 
day, and pronounced seaworthy. After running a day or' 
two her boilers were discovered to be in a leaky condition. 
Captain'Howatd proposed to the engineer to stop at Helena 
and repair,, but the engineer thought it unnecessary until, 
the boat should arrive at Memphis. Thus the delay 
proved fat^il. The explosion tore away the cabin as far 
back as the centre, killing twenty persons instantly, and 
scaldihg, wounding, or otherwise injuring about twenty- 
five others. Fortunately the M. jS. Mepham was coming 
down at the time, and rende/ed most timely aid to the 
distressed passengers and officers .of tjie boat. As the 
LocTcwood caught fire immediately, the Mepham. rounded 
to and landed her bOw against the stern of the ill-fated 
steamer, thus saving every person not killed by the ex- 
plosion. 

A number of cabin passengers, crew, Qooks, and negro 
firemen were lost ; but their names are not known. All 
the lady passengers, besides the two chambermaids, were 
saved. I think the number- of killed amounts to forty 
or fifty, as survivors state there ifere a number of deck 
hands and deck passengers on the- lower deck, who were 
killed by the explpsioo, and whose names are unknown. 
— St. Louis Republican. 
11 
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3d. Explosions are sometimes caused from 
low water in the boiler, but more rarely than 
generally supposed. When the fire-crown and 
tubes are subjected to a Strong heat and not 
covered with water, the steam does not ab- 
sorb the heat fast enough to prevent the'iron 
from becoming too hot so that it cannot with- 
stand the pressure, but softens and collapses. 
Sometimes, when the boiler bursts, the tubes 
and flues may also collapse by the force of ex- 
plosion, when it has been erroneoply supposed 
that the explosion was caused from such- col- 
lapse. 

4th. Steam-boilers' often burst by strain in 
uneven expansion or shrinkage," occasioned by 
the fire being too quickly lighted or extin- 
guished. Explosions of this kind frequently 
occur on Saturday nights or Monday morn- 
ings, or before or after a holiday. The reason 
for this is, that on Saturday nights the' engi- 
neer generally puts out the fire too quickly 
in his haste to go home, by which the most 
heated part of the boiler is too suddenly 

Cases of this kinS are ooourring over and over again. 
It is perfectly clear that the engineer on the steamer Lock- 
wood did not understand the character of the leak, and 
he was most probably unfamiliar with the rudiments of 
the operating natural principles involved in the subject. 
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cooled, aad may burst in too rapidly shrinking. 
Oa Monday mornings the engineer may be 
late, and in his Jiurry to get up steam in 
time, throws in dry shavings or wood which 
heats the flues or tubes in the boiler too 
rapidly whilst other parts remains cool, whem 
the unequal expansion thus occasioned may 
strain some parts sufjficiently to burst, and 
explosiou follows. 

Throughout the week the fire is' not hauled 
out but tossed against ^e bridge and fresh 
coal thrown on the top of it in the evenings, 
where it will remain and keep the boiler hot 
until started for work the next morning. 

5th. It is a very bad practice to make boiler 
ends of cast iron, composed of a flat disk of 
from two to three inches thick, with a flange of 
from one to two inches thick with . cast rivet- 
holes. The first shrinkage in t(|p cooling of 
such a plate causes a great -strain, which is in- 
creased by riveting the boiler to it. Any sud- 
den change of temperature, therefore, either in 
starting or putting out the fire," might crack the 
plate and thus occasion an explosion. Such 
accident may be avoided by making the cast- 
iron ends concave and of even thickness. 

'6th. In cold weather, when the boilers have 
been at rest for some time, they may be frozen 
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full of ice, then when the fire is made in them 
some parts are suddenly heated and expand, 
whilst other parts still remain cold, causing an 
undue strain, which may also burst the boilers. 
Such accident can be avoided by a slow and 
cautious firing. 

7th. Sometimes a great many boilers are 
.joined together by solid connections of cast-iron 
steam-pipes, which' expand when heated, whilst 
the masonry inclosing the boilers contracts. 
Should such a steam-^ipe burst from expansion 
or shrinkage, explosion will likely follow in all 
the connected boilers, of which numerous ex- 
amples have occurred. Such accident may be 
avoided by qjaking the connections elastic, or 
free to expand or contract without straining the 
boilers. The fragments of one exploded boiler 
striking the next, also cause continued explo- 
sions of sevHal boilers.* 

Steam-boiler explosions are thus not always 
caused by pressure of steam alone, but often by 
expansion and contraction of the materials of 
the boiler. A boiler which is perfectly safe 
with a working pressure of 200 pounds may 
explode with a pressure of only 20 pounds to 
the square inch, 

* Such a case occurred lately al Harrisburg, I'enn., 
where eight boilers exploded in one succession. 



AND SHIPBUILDING. 125 

Four hundred and ninety lives were lost by 
boiler explosions in this countr* from the fifth 
of January to the ninth of February, 1866. 

If the president who stopped my discus- 
sion on steam-boiler explosion, were seated 
on the top of a boiler when it exploded, 
and were blown up a few hundred feet in the 
air, and came down comfortably and unhur^it 
would be interesting to. ascertain whether he 
would stop a discussion on steamboiler explo- 
sion at the next meeting, or if he would not' 
like to know how it happened ? 

It will perhaps be remarked that it. is very 
improper to take so much upon myself, and 
speak so plainly about all these things, as has • 
been done in this book, but I have been kept 
so long in silence, whilst the neglect and igno- 
rance which still control the subject have con- 
signed so many thousands of souls to heaven, 
ftnd so many millions of dollars in the opposite 
direction, that these protestations ' cannot be 
suppressed. 

The appropriate remedy for the evil is the 

ESTABLISHMENT OF TECHNOLOGICAL INSTITU- 
TIONS THROUGHOUT TKE, LAND. 



11* 



A EEYIEW 



REJECT OF SCREW PROPELLERS. 



■ The screw propeller baS at length become sucb 
a familiar instrument, tbat ^every engineer 
knows how to construct one. It is frequently 
declared to have reached perfection, and it has 
even been said that "sufficient has been written 
to put this subject in a true light;" nevertheless, 
the writer has no apology to offer for bringing 
forward the following views on this hackneyed 
theme. 

The common straight-bladed screw will flwBt 
be considered; afterwards the same with ex- 
panding pitch ; and then the different forms of 
curve-bladed screws in like manner. 

It will not be necessary, in this article, to 
enter into minute details of the construction 
of the screw, as the same will be found in a 
practical treatise on the subject now in prepa- 
ratoin for the press. 



Flcdn Screw Frqpdler Pl/xteH. 
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TO CONSTRUCT A PLAIN SCREW PROPELLER WITH 
A UNIFORM PITCH. (PLATE II.) 

Draw the line a b (Plate II.), and the lines 
c d and e c' at right angles thereto. Draw the 
circumference of the propeller, fig. 2, with the 
given dianieter D ; divide the quadrant o' c' into 
any number (say eight) equal parts, and num- 
ber them as shown in the figifre. Set off from 
0, fig. 1, one-quarter of the assumed pitch P, 
and divide it into an equal number of parts 
with that of the quadrant o' c'. Draw from each 
division point the rectangular ordinates 8', 
7', 6', 5', 4', &c. &c., and the intersection of 
those by lines of equal numbers will constitute 
points in the helix of the screw. 

Eepeat the same operation with the hub, 
and draw the two helixes 8' n o m, and r s ot, 
as shown in the figure. Set off the assumed 
length L, fig. 1, then project n o m, to n' *' m', 
fig. 2 ; join n' and m' with the centre C, which 
thus forms one blade of the propeller. Com- 
plete the assumed number of blades (say four), 
then the curve or helix g' c' h', fig. 2, projected 
on fig. 1, will appear as g c h, so that c g = c h 
= 8' 7' 6'. 

Let'w denote the projecting angle of each 
blade, then — 
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P : Z = 360 :. F. 
Pitch P=^^2^, . . . 1 

The angle of the blades with the axis of the 
propeller, at the periphery, will be — 

tang.Tr=^, . . 2 

and — 

7t D 



Pitch P = 



tang. W' 



■ TO CONSTRUCT A PROPELLEE WITH A COMPOUND 
EXPANDING PITCH. (PLATE III.) 

The pitch of a propeller may expand in the 
direction of the axis- as well as in the direction 
of the radius or generatrix. Let the generatrix 
have a uniform motion around the axis, and an 
accalerated motion in the direction of the axis; 
then the pitch will expand in the direction of 
the axis. When the generatrix has a quicker 
motion in the direction of the axis at the peri- 
phery than at the axis, then the pitch will be 
expanding in the direction of the radius or gen- 
eratrix, and when the pitch is composed of the 
two expansions, it may be denominated a com- 
pound expanding pitch. 



Propeller with Exparuixng Pilch VIM. 
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The propelling energy of the blades near 
the hub of the propeller is very inconsiderable, 
and acts mainly to agitate the water, for which 
reason it has been proposed to construct pro- 
pellers, so that the pitch at the periphery is to the 
pitch at the huh, as the velocity of the pitch of the 
periphery is to the velocity of the ship : so that 
the water will pass through at the hub without 
being further disturbed. Having given, say 
the diameter, D = 12 ft. ; length, L = B ft. ; 
mean pitch, P = 18 ft. ; it is proposed to con- 
struct a propeller with a compound expanding 
pitch. (Plate III.) 

Draw the centre lines ah, c d, and c' d'. Cal- 
culate from formiala 2, the angle 

tang. Tr= ^■^\'^ ^"^ = 2.0933 = tang. 69° 30', 
18 

the angle required. « 

Draw the arc W, fig, 1, and set off the angle 
W=- 64° 30' = w oo'; draw the dotted line 
n m. Set off the length L = Z feet. Draw 
from n and m, the lines n p and m q, parallel 
to a h. Assume the pitch to expand from 16 
feet at m, to 20 feet at n, then calculate the 
angles w and w' froja formula 2. 

tang.M>' - ^^^— = 2.356 = tang. 67° 
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* 

tang.j^; = ^'^^ ^ ^^ = 1.884 = tang.62° 

Set oS the angles w and w', as shown in 
fig. 1 ; draw the dotted lines t r and r i'. Draw 
a curved line n e nt, which will tangent t r a.tn, 
and t' r at m, thenn e m forms the outer edge 
of the propeller, bladed with the required ex- 
panding pitch. 

Draw the circumference of the propeller fig. 
2, project n to n' and m to m'. Draw the curved 
generatrix about as o' h G. Draw from n' and 
m' the genatrixes h' and h" — of the same curve 
as h — so that they meet on the other side of G 
somewhere at i; then the helicoidal surface G 
h' n' o' m' h" forms the blade of the required 
compound expanding pitch. 

A propeller of this construction will not be 
a true screw, on account of the generatrixes h' 
and 7l" not meeting in the centre G. The error 
is greatest in the centre or near the hub. But 
when the blades are fashioned off, as shown on 
the plate, the error is inappreciable in practice. 
This kind of propeller is now made to the ex- 
tent of hundreds or perhaps thousands, by one 
of the most experienced firms in this country, 
namely Neafie & Levy, of'Philadelphia. 

Although the construction is not conducted 
strictly as here described, their propellers are 
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substantiially the same, for on account of their 
great experience the patterns are got up entirely 
by ''rule of thumb," and generally produce 
good propellers, which have the additional ad- 
vantage (so much sought for) of having " no 
science in them." They have on hand a great 
number of patterns of different ' diameters. 
When, therefore, a screw is ordered, they 
select the pattern of nearest diameter, and the 
difference, if any, is cut out or filled in, in the 
mould. 

They rarely ever make a drawing of a, screw; 
but when an order is given for one, the draughts- 
man gets the required angle Woi the blade at 
the periphery from a diagram constructed for 
that purpose. The draughtsman writes down 
the diameter of the propeller, the angle of the 
blade, the diameter and bore of the hub, on 
a printed form of card, which is given to the 
moulder, who then, as before stated, selects the 
nearest' pattern. 

The blades on the patterns are generally made 
loose so that they can be set at the desired 
angle, which is done by an instrument com- 
posed of a spirit-level and a graduated circle 
arc. The angle and pitch are thus adjusted 
with greater precision in the foundry, than. by 
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tbe draughtsman from the diagram. The angle 
of the blades at the hub, in such a method, is 
not considered of any importance, in relation 
to that at the .periphery. 



THE V. S. NAVY PROPELLER AS' CONSTRUCTED BY 
CHIEF ENGINEER B.' F. ISHERWOOD. 

Plate lY. represents the propeller constructed 
in the U. S. navy department for a great many 
years past. 

The generatrix for the screw is a circle arc 
with the centre c,fig. 1 ; but the generatrix at 
right angle to the axis is a curved line a m b. 
Either of those generatrixes will generate the 
same helicoidal .surface, or if the propeller was 
made straight like, a mbfnd, fig. 1, the blade 
would appear amlfnd, fig. 2, that is to say, 
that if the part a m J c is taken off and put on 
the blade at d ef n, the same propeller would 
appear as the dotted lines, whilst the direction 
of the helicoidal surface, and the propelling 
efScieney of the propeller, would in both cases 
be the same, because the outer configuration of 
the blades (as stated by Mr. Isherwood) does 
not affect the propelling efficiency. 

Mr. Isherwood says in his Engineer Preee- 
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dents, vol. i. page 96: "The only improve- 
ment possible on the true screw of uniform 
length from hub to periphery, is that due to the 
use of an expanding pitch or curved directrix." 



I have examined Mr. Isherwood's propeller, 
which, as it has found a place in the Navy, 
appears'worthy of a few remarks. 

The peculiarity of Mr. Isherwood's screw con- 
sists in the formation of the helicoidal surface by 
a curved generatrix, instead of a' straight gene-, 
ratrix, as usually employed. 

It may be necessary to define what is meant 
by a generatrix. Let any right line whatever 
be taken and called the axis of the helicoid or 
screw, and let any other line curved or straight 
of definite length be taken, lying at any incli- 
nation to the axis, and with one extremity 
touching the axis ; this line is the generatrix of 
the helicoid when it is moved simultaneously 
with a rotary speed around the axis, and a 
rectilineal speed along the axis. 

As previously remarked, Mr. Isherwood 

uses a curved line for the generatrix, instead 

of a straight line, as usually used; and the 

object of using the curved generatrix is (appa- 

12 
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rently) to prevent the alleged loss of effect,- 
caused by the centrifugal force imparted by 
the rotary motion of the helicoidal surface to 
the particles of water with which it is in con- 
tact.. Before proceeding to cure an alleged 
evil, it may be advisa,ble to ascertain if it exist, 
and to what extent, 

If the helicoid had no slip, and moved 
through water a distance equal to its pitch per 
revolution, there evidently could be no cen- 
trifugal force communicated to the water in 
contact with it, for as the helicoid continuously 
advanced,. it would no sooner press any mole- 
cule of water than. the pi-essure on that mole- 
cule would be removed by the advance of the 
helicoid. The helicoid in this case would be 
in contact with the molecule but an infinitely 
short time, and of course could endow it with 
no centrifugal motion. But if the helicoid 
have slip, the effect of that slip is to keep the 
molecule of water in contact with the helicoid 
for a time proportionate to the slip, and conse- 
quently to endow it with a proportional cen- 
trifugal force. If the slip be considerable, the 
throwing off of the water at the periphery of. 
the helicoid- may become sensible, in conse- 
quence of that force and the property of water 
to escape by the easiest road. This effect 
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was observed in the experiments of Taurines, 
which were performed on fixed screws, not ad- 
vancing rectilineal]^, but having only -a rotary 
motion on the axis; by. which arrangement 
the slip amounted to unity. The amount of 
centrifugal force imparted to the particles of 
water by the rotating helicoidal surface in con- 
tact with them was, however, .very trifling, even 
under the most favorable condition of maximum 
slip ; for the very effect of that slip was to dis- 
charge the water from the helicoid, the vacuity 
being filled by fresh water Jlowing in. Having 
'thus determined the existence of a small amount 
of this 5bntrifugal force, and the condition of 
slip modifying it; ■ let us inquire whether, even 
in the event of the amount of this force becom- 
ing considerable, there would result any loss 
of effect. 

And, first, what would be the nature of that 
loss of effect, if any exists? It would be shown 
in the increased slip of the screw, for the follow- 
ing reason. The water being thrown off radi- 
ally in all directions from the axis by the' 
centrifugal force communicated to it by the re- 
volving screw, there would be a vacuum about 
the axis, provided the centrifugal force formin-g 
the vacuum exceeded the force with which t^e 
surrounding water would flow in to fiU it, and 
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the resistance to the screw would be decreased 
in proportion to the extent of theft* vacuum ; 
that is, the slip of the screw^woilld be increased. 
The loss of effect, therefore, due to this centrifugal 
., force would be measured by the increased _slip of 
the screw. But if the water flowed into the 
vacuum as fast as it was formed, the resistance 
to the screw would evidently retnain the same 
as though there were no centrifugal force in 
action; and this is what actually occurs in 
practice. 

Let it then be coQsidered the depth to which 
the axis of a thirteen feet diameter screw 
(mean size) is immersed, and the consequent 
pressure of water about it, -and then, the slip 
found in- practice ranging from fifteen to thirty 
per cent, for maximum, and it will be seen how 
enormously the effect of any centrifugal force' 
must be exaggeirated to make it productive of 
a vacuum at the a^is of the screw. 

Supposing now a centrifugal force to be given 
to the molecules of water in contact with the 
helicoidal rotating surface of any amount less 
than requisite to. produce a vacuum at the axis; 
would it be attended with loss of effect by the 
screw? Evidently not, for the following rea- 
son: — 

With a straight generatrix touching the axis. 
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the lateral component of the oblique surface of 
the screw if tangential to a cylinder, by which 
the screw may be supposed to be enveloped ; 
or is at right angles to the radii of that cylinder. 
With a straight generatrix touching an inner 
cylinder, having a common axis with the screw, 
the lateral composition is no longer at right 
angles to the radii of 'the enveloping cylinder, 
but either converges .to, or diverges from, the 
axis, as either the acute or obtuse angle is 
used for propulsion. In both cases the com- 
ponent in the direction of the axis continues 
the same ; that is, parallel to the axis. Now it 
is the component in the direction of the axis, 
that alone propels; hence the slip of screws of 
the same diameter, pitch, and length, but the 
one having a straight generatrix touching the 
axis, and the other a straight generatrix toiich- 
ing tangentially a cylinder having the same 
axis as the screw, should be the same. The 
only effect, then, of converging the lateral com- 
ponent to, or diverging it from the axis, is to 
cause a flowing of water to or from the axis, 
proportioned to the obliquity of the lateral 
component to the axis, and as this component 
does not affect the propulsion, it is obviously of 
ho importance what may be its direction. There 
can be no loss of labor attending it, for all 
12* 
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angles are in function of form equally efficient 
for propulsion, consequently their components 
are equally so. 

The same slip, or, in other words, the same 
resistance, as obtained from the water, with 
screws of equal diameter, pitch, and length, 
whether they have straight, inclined, or curved 
generatrices ; for the carved generatrix is ob- 
viously but a modification of the inclined gen- 
eratrix ; that is, it is an inclined generatrix, 
whose inclination momentarily changes. It is 
.therefore governed by the same principles. 

There is, however, a practical disadvantage 
and loss of labor attending the use of a curved 
generatrix, though non-theoretically ; that is, 
in function of form ; for the friction of the he- 
licoidal surface on the water, which, in differ- 
ently proportioned SQrews, varies from 10 to 
20 per cent, of the power applied ; being as the 
surfaces with equal speeds, and the surface of a 
screw of a given diameter, pitch, and length, 
or fraction of one convolution of the thread, is 
greater with the curved than with the straight 
generatrix, because the arc of a circle is greater 
than its chord ; it follows then, that in other- 
wise similar screws, the greater the curvature 
of the generatrix, .the greater the loss by fric- 
tion. The only real loss of power attending 
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the imparting of a centrifugal- force to the 
molecules of water is that due to tlleir mo- 
mentum, that is, will be expressed by multi- 
plying the weight of water, to which centrifu- 
gal force is imparted by the square of the 
speed, with which it flies off radially from the 
centre. In the most favorable ca'seof maxi- 
mum slip, that is, a slip of unity, this product 
would be an- almost insensible proportion of 
the total- power applied. 

From.the foregoing, then, it will be perceived 
that a curved generatrix, so far from being 
advantageous, is positively a disadvantage ; nor 
is it necessary to depend entirely on induction 
for this opinion ; for it has been fully confirmed 
by experiments. 

About the year 1847 (I give the date from 
memory) a series of most complete experiments 
were made by Bourgois, by order of the French 
government, on a vast number of screws of 
different proportions" and shape, among them 
the form of screw (^. e., with a curved genera- 
trix) afterwards introduced into the U.S.'N'avy 
by Isherwood. These experiments were made 
with great sagacity of method, and determined 
most satisfactorily the total uselessness of a 
curved generatrix. I give the condensed re- 
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suits of the experiments, which will be the first 
time they have appeared in an English work. 

It was perfectly comprehended by Bourgois, 
that in order to make the influence of a curved 
generatrix sensible, it would be necessary that 
the screw have a very considerable slip; its 
surface, during the experiments, was therefore 
sufficiently reduced to satisfy this condition. 

To fully test this influence, the screw was 
first tried propelling with the convex face, then 
tried propelling with the concave face, and 
lastly tried after the flexure had been taken 
out of the generatrix ; that is, after the genera- 
trix had been made straight. 

The results are as follows : — 
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Time. 



Conditions, 



Slip of Screw. 



March 4 



Same day 
Same time 



Strong breeze, river rough, 
propelling with the con- 
vex face of the screw. 
Mean of six experiments. 

Propelling with the concave 
face of the screw. Mean 
of six experiments. 



per ceut.f 
50.2- 
49.3 



{Calm. Propelling with the 
convex face of the screw. 
Mean of six experiments; 
Same day f Propelling with concave 
Same time face of the screw Mean 
I of SIX experiments. 



44.4 
47.6 



I Calm. Propelling with con- 
vex face of the screw. 
Mean of four experi- 
ments. 
Samp <1a V f P^PeUing with the concave 
Sam^^f^J face Of the screw. Mean 



(. of four experiments. 



45.4 
48.8 



^ 



S|ime day 
Same time 



The same screw having the 
generatrix made straight. 
Mean of eight experi- 
ments, four being made 
on each face. 



51.2 - 



^' 



Allowing for anfavorable errors of observa- 
tion, dimensions, &c., in experiments of this 
nature, it will be observed that sensibly the 
same result was obtained, propelling with either 
face of the curved generatrix, and the^straight 
generatrix, showing that the employment of a 
curved generatrix was at least useless, even 
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with the exaggerated slip of 50 per cent. ; 30 
per cent, being the maximum in practice. 

After reviewing some experiments carefully 
made on other screws, for the purpose of deter- 
mining the effect of a curved generatrix, 
Bourgois remarks, which I translate, as fol- 
lows: — • 

In the second place, if we observe helicoid 
at surfaces with curved generatrices, or what 
amounts to the same thing, generated by a 
straight line inclined on the axis, we perceive 
the liquid thread does not rest on the same heli- 
coidal thread.* As the periphery of the screw 
is approached, the helicoidal thread inclines 
itself slightly to the centre ; there, on the con- 
trary, and for the same reason, the liquid threads 
tend to remove themselves from" the axis, but 
being endowed witH -less momentum than 'the 
first, there results a flowing of water towards 
the centre of the screw, with so mucih the more 
abundance as the curvature of the generatrix 
is greater. This is the only notable effect 
resulting from the employment of a curved 
generatrix ; and there is nothing to prove that 
effect favorable. 

* The curvature of the generatrix was not proportioned 
to the centrifugal force or to the slip. — N. 
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In tbe experiments made on screws, B 1 and 
B 8* show, on the contrary, an increase of 
slip of 04.7, proving that the employment of 
curved generatrices directs the water towards 
the axis in consequence of their obliquity. 

The experiments on screws ^^ and ^^ under 
similar conditions, gave sensibly the same 
result, either the water was pushed towards the 
axis or it was deflected out towards the peri- 
phery.f 

Finally, m passing from screw a to sij, the 
slip increased 07.5 per cent.:]: 

The experiments of Sabloukoff on a screw 
turned in air, and having the phenomena made 

* Which were precisely alike, and formed with the 
generatrix tangent to an inner cylinder,-which is virtually 
a curved generatrix. B 7 propelled with the obtuse 
or convex face, and gave a slip of 26.1 per cent. B 8 
propelled with an acute or concave face, and gave a slip 
of 30.8 per cent., or 4.7 per cent. more. — B. P. I. 

t Screws fj and <f4 were precisely alike, and formed 

with the generatrix tangent to an inner cylinder. Screw 

<(>3 propelled with the obtuse or convex face, and gave a 

slip of 32.8 per cent. Screw ^4 propelled. with the acute 

. or concave face, and gave a slip of 33 per cent. — B. F. I. 

% Both screws being precisely alike, except that screw 
a had a straight generatrix, and gave a, slip of 34.5 per, 
cent., while screw a^ had a curved generatrix, and- gave 
a slip of 42 per cent.— B. F. I. 
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visible by smoke, also corroborates the above.. 
It was found that aftet a high rotary speed had 
been given to the screw, the smoke being then 
let on at its anterior extremity at any point 
near its-periphery, was drawn towards the screw, 
and carried towards the other extremity. 
When let on at its anterior extremity near the 
axis, the smoke coursed along parallel to the 
axis, without any appearance of having any 
circular movement, and which was the same in 
the first case; spreading out from the axis, 
which should have been the case had the rota- 
tion of the screw been able to give a sensible 
centrifugal force to the smoke. 

But even supposing (which we have seen is 
far from being the case), that the centrifugal 
force communicated to the particles of water in 
contact with the propelling surface by its rotary 
movement, were great enough to produce so 
sensible a result as a vacuum at the axis of the 
screw equal to ^ diameter one-fourth the dia- 
meter of the screw, and s'upposing the use of a 
curved generatrix to wholly obviate this, or 
restore solid water in the place of the vacuum; 
even then the employment of a curved genera- 
trix would be useless as far as its reduction of 
the slip of the screw is concerned, and this fact 
also depends on the carefully conducted ex- 
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periments of Bourgois. In those experime^ 
there were tried two screws, exactly alike, ex- 
cepting that the one had a projected area at 
right angle to the axis of 187.86,. while the 
other had a similar area of 182.59, the reduction 
being made by- cutting out the surface imme- 
diately around the axis. The diameter of the 
screw was 15.752, and the diameter of the cut 
out part of the last screw was 3.938. The slip 
of the first was 35.2 per cent., of the last 32.6 
per cent. 

Similar experiments on two other screwsj 
differing from the above in pitch only, gave with 
the full screw a slip of 26.9 per cent., with the 
cut out screw 24.4 .per cent. On these experi- 
ments Bourgois remarks, which I translate as 
follows : — 

"The difference (between the slip) being 
little enough to be attributed to irregularities 
of construction or slight errors in the observa- 
tions, nothing could be concluded from it, ex- 
cept that a hollowing out, of which the diameter 
is equal to the fourth part of the exterior dia- 
meter of the screw, has no influence on the 
slip. 

" Believing that sufficient has beenwritten to 
put this subject in a true light, there only remains 
to notice that, when the date of Bourgois' ex- 
13 
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j^iments are coHsidered so far antecedent to 
Eherwood's screw, it is really amazing that our 
Navy Department should have adopted a pro- 
peller without novelty ; but as I apprehend no 
one will ever use it outside of the navy, the 
mischief will do no further harm. 



In order to prove beyond a shadow of doubt 
that the substance of the above argument is 
based upon a solid foundation, I beg to refer to 
the highest authority of the land ; namely, Mr. 
Isherwood's Contribution to Journal of the 
Franhlin Institute for July, 1851, page. 42, &o. 



A PEOPELLER AS CONSTRUCTED FROM MR. ISHER- 
WOOD'S DRAWINGS. (PLATE V.) 

Having commented upon the propeller, as 
constructed in the Bureau of Steam-Engineer- 
ing, and represented by Plate IV., it is now 
proposed to describe how propellers have been 
constructed for the navy by contractors in pri- 
vate establishments. 

The specifications of the construction of pro- 
pellers made in the Bureau of Steam-Engineer- 
ing, although perfectly correct, were not suffi- 
ciently clear to enable the contractors to follow 
the drawings; for which reason, a great many 



Screw ^Propeller' U.S. Wavy Pl.T^ 
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propellers have been constructed as represented 
by Plate Y., which appear to have a curved 
generatrix in both figs. 1 and 2, but in reality 
the generatrix is a straight line at right angles 
with the axiSj as represented by the dotted 
lines.* Take off the part a J c, and put it on at 
d e f, without changing the direction of the 
helicoidal surface, the propeller will be the 
same as represented by Plate II., or a common 
propeller with straight generatrix. The pro- 
pelling efficiency of both the propellers on 
Plates II. and V. will be alikei. Viewing the 
propeller at fig. 2, Plate V., it appears as if the 
blades would assist the centrifugal force in 
throwing the water out, which is not the case. 

The only advantage of this propeller is, that 
it will not shake the vessel so much as those 
represented in Plates II., III., and IV., but its 
propelling efficiency is some ten per cent, less 
than that of Plate IV. 

A great many propellers of Plate V. were 
made for naval vessels, and on one occasion the 
writer remarked in a private establishment that 
the propeller then moulding was not rightly 
constructed, or was not according to the draw 
ing furnished by the Navy Department, when 

* A large brass propeller of this construction is now 
lying in the Washington Navy Yard, probably condemned. 
March 1, 1866. 
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a discussion arose, which resulted in stopping 
the moulding of the propeller, and the making 
of a new pattern according to the drawing. 

Perhaps some of these errors, the extent and 
character of which can only be detected and 
calculated by the application of scientific prin- 
ciples, may serve to explain why it is that the 
speed of vessels in the navy is so unsatisfac- 
tory. 

TO CONSTRUCT A CENTRIPETAL PROPELLER OF A 
UNIFORM PITCH. (PLATE VI.) 

Let us now forget all that has been said about 
the propellers of curved generatrix, and start 
on an entirely new basis. 

The water acted upon by a straight-bladed 
propeller,' is thrown out radially towards the 
periphery by the action of the centrifugal force; 
in which case dynamic effect is evidently ex- 
pended in giving this motion to the water, and 
as the direction of the motion is at right angles 
with that of the vessel, the effect expended 
upon it is thrown away. It is, therefore, now 
proposed to construct the helicoidal surface of 
the propeller blades, so as to utilize this lost 
effect and prevent the water from being thrown 
out by the centrifugal force. 



Ctjvbripital PrapeUci' Tl.TI. 




AND SHIPBtriLDING. 149 

Let TF, fig. 2, Plate -VI., represent a drop of 
water acted upon by a force whose magnitude 
and direction are represented by the arrow B, 
at right angles with the radius r. If acted upon 
by no other force, the drop W would move in 
the direction of -B towards s, but as it is desired 
to move the water in the direction of the circle 
Tim, or more correctly*in the direction of the* 
helix of the screw, it will be necessary to apply 
a centripetal force, whose magnitude and direc- 
tion may be represented by the arrow G, in the 
direction of the radius r. If the centripetal force 
be equal to the centrifugal force of the water, 
then the combined action of the two forces*^ 
and C, would move the drop W in the direc- 
tion of the circle n m. The resultant of B and 
G may be represented by the magnitude and 
direction of the arrow F, which is the diagonal 
of the rectangle of B and G. If the direction 
of the generatrix of the propeller blade was at 
right angles with F, it would drive the drop W 
in the direction of the circle n m, as desired. 

The Centrifugal and Gentripetal Forces 
can be represented by the formula 

G=^. . . 4 

gr 

13* 
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in which letters denote 

W= weight of the drop of water, fig. 2. 

V = velocity in feet per second of W. 

r = radii in feet of the circle nm. 

g' = 32.166, the acceleratrix of gravity, 

G= centripetal force, expressed in the same 
units of weight as W. 

• n = number of revoliftiona per minute of the 
propeller. 

2ftrn • p- 

V = — - — . ... 
60 

Insert formula 5 for v in formula 4, we have 

'0= '^^"'^^^ - W4:H^rn^ g 

60V . 60^^ 
Let the propelling force B represent the 
magnitude and direction of the water W. Then 

W : G = 1 : tang. x. 
or 

C= Wiang.x. ... 7 

but 

^= — «7w = Wtang, x. 

bO' g 

of which 

60'' gr 

This formula 8 gives the angle of the gene- 
ratrix to the radii k. 
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Let X be the angle of the generatrix at the 
extremity of the blades, we have 

^ 60^^ 5870 

The centripetal generatrix will be an arith- 
metic spiral of the angle X at the periphery, 

tang. Jl= 



180 

■when w° is the angles in degrees, in which the 
spiral is constructed, as shown in fig, 2, 

tang.X= 



180 5870 
18 0dw^ _ dw^ 
58707 102.4: ■ 



10 



This formnla 10, will give the proper angle 
w° if the. slip of the propeller is unity, but 
the number of revolutions n must be multi- 
plied by the slip *S' expressed in a fraction of 
unity, or 

o Dn^S'2 



102.4 



11 



From this formula 11, calculate the centripetal 
angle w° fig. 2, Plate VI. Divide the arc and 
the radius into any number of (say eight) equal 
parts and construct the arithmetic spiral as 
shown by the fig, 2. This spiral will then be 
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centripetal under the condition of formula 11, 
that is to say, the water will not be thrown 
out by the centrifugal force. 

A curved generatrix at right angles with the 
axis will form the same helicoidal surface as a 
straight generatrix inclined to the axis, as 
before stated. 

■ From the point d, where the dotted line i d 
intersects the generatrix a dc, draw the line 
d d' parallel to the axis of the propeller fig. 1 ; 
join i' d', continued to p, then i' p is the inclined 
generatrix which will generate the same heli- 
coidal Surface as the curved one a d c. 

The inclination of the generatrix will be 

tana. y = ,„„ ■ . . 12 
"^ ^ 180d 

But w° = ana iang.y=- 



•102.4 " " 102.4 X 180 D 

ianq. y = — — - — . ... 13 
" ^ 18432 

in which P must be expressed in feet. 

Draw u'h and tf parallel with i' p, project n 
and e, as shown in the figures. Draw from the 
corners of the blades, fig. 2, the dotted lines to 
the centre; the dotted lines will represent a 
propeller with, apparently straight blades in 
fig. 2, and with an inclined generatrix in fig. 1. 



CcTdrip. Trop. ^Expanding J*Ucli Fl. W 
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Both these propellers will produce the same pro- 
pulsive efifeot, but that with curved blades indi- 
cated by the dark lines in the drawing will not 
shake the vessel so much as the other shown 
by the dotted lines. 

Captain John Ericsson makes his propeller's 
as shown by the dotted lines, which in reality 
is a centripetal propeller with a curved genera- 
trix at right angles to the axis. 



TO CONSTRUCT A CENTRIPETAL PROPELLER WITH 
A COMPOUND EXPANDING PITCH. (PLATE VII.) 

Having given the diameter Z>, pitch P, 
and length L, of the propeller, calculate the 
angles W, w^ and w^ by formula 2. Construct 
the outer edge of the blade as described for 
the propeller on Plate III. Calculate the cen- 
tripetal angle w° from formula 11, for the mean 
pitch of the propeller. The projecting angle 
of the blades will be — 

360 i ^. 

t;=— p-, ... 14 

Make the centripetal angle of the leading 
generatrix m' m" G, 

o v.S 
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Make the centripetal angle of the delivery 
generatrix vl m" 0, , 

■ 2 

Construct the two generatrices forming the 
sides of the blades, which will then constitute 
a centripetal propeller with a compound ex- 
panding pitch. 

In making the pattern, or in the moulding 
of this propeller, it is best to construct several 
(say five) generatrices, as shown in one blade, 
which is accomplished by dividing the dotted 
arcs u u and z z, each into four equal' parts, 
which form the required generatrices. 

This is the propeller which the writer would 
recornmend as the best. 

Let the helicoidal surface of the propeller 
be projected backwards at the hub, as shown 
by the dotted lines, fig. 1, so that the part ef 
g hhe removed to ab c di, then the propeller 
blades would appear straight in fig. 2, though 
the helicoidal surface and propelling efi&ciency 
would be the same in both cases. 

The propeller represented by the dotted 
lines is nearly the same as that on Plate IV., as 
constructed by Mr. Isherwood. The propeller 
on Plate VII. is constructed on true scientific 
principles, which is not the case with the one 
on Plate IV. 
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It may be well to explain to the readers 
who are not familiar with the subject, that the 
remarks on Mr. Isherwood's curve-bladed pro- 
peller (Plate IV.) commencing at page 133, are 
his own, as applied to the author's propeller 
(Plate VII.), and a tiransposition of names is 
therefore necessary to make the sense intelli- 
gible. See Journal of the Franklin Institute, 
July, 1851. 

It indicates what pains the chief took in 
condemning the curve-bladect ■ propeller, "be- 
lieving," as he said, "that sufficient "has bden 
written to put this subject in a true light." I 
was very much obliged to the chief for the 
clearness of his true light, and sincerely hoped 
its brilliancy would not serve merely to make 
darkness visible, but the hope has not been 
realized. 

Soon after, Mr. Isherwood constructed the 
San Jacinto propeller, which turned out a fail- 
ure, and disgrace to the nation, at her arrival 
in Constantinople, as the indignant correspond- 
ence of Americans from that place abundantly 
testified. 

On the return of this frigate, Mr. Isherwood's 
propeller was condemned, . and a better one 
from a private establishment was substituted. 

"When Mr. Isherwood became more enlight- 
ened on the subject, he found that the curve- 
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bladed propeller was all right, and quietly 
adopted it in the navy. 

His empiricism thus triumphed *iot only over 
me, but over the navy and the nation, and the 
country has been most severely injured by it 
too. True scientific principles applied by a 
civilian, have been attacked and vanquished 
by quackery from the na^y. 

Neglecting alj science and the6ry, experience 
alone has led to the adoption of curve-bladed 
propellers. I hSve made experiments with a 
great many different kinds of screws, in which 
the powers expended and delivered were cor- 
rectly measured by a delicate dynamometer, 
and which indicated a decided advantage on 
the side of the curve-blades. In 1846 I 
proposed a curve-bladed propeller to Captain 
Carlsund, at Motala, Sweden, who rejected it 
for the reason that it would not back so well 
as the straight-bladed one. Captain Carlsund, 
however, has since adopted the curve-screw 
exclusively. 

The French experiments .quoted by Mr. Tsh- 
erwood, I am inclined to believe, are not reli- 
able, inasmuch as they are at variance with 
subsequent experience, and declare a preference 
for convex over concave surfaces in propelling. 

There is a propeller introduced in this 
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country, called the "buffalo wheel," in which 
the curve is turned the wrong way, or in other 
words, propels with a convex surface. I have 
been on board of several steamers with this 
screw, and the engineers have invariably told 
me that it works better in backing than ahead, 
which confirms the principles herein given, 
and conflicts with the results of the French 
experiments. 

Some years ago there was a steamer built in 
Chicago, 111., with two propellers. It was de- 
cided to put a common straight-bladed propel- 
ler on one side, and a curve-bladed on the 
other. After she had been running for some 
time, I received an order for another curve- 
bladed propeller to take the place of the 
straight-bladed one, in consequence of the su- 
periority of the former. 

In a great many steamers in the navy there 
is not room enough between the stern and 
rudder posts to admif the drawn propeller 
represented on Plate IV., but there is room for 
the dotted one, which is equally efficient in 
propelling, ^ and, still better, the drawn pro- 
peller represented . on Plate YII. But in so 
doing, Mr, Isher wood's empiricism might be 
exposed in regard to curve bladed propellers, 
although it would not be necessary to infringe 
14 
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upon the centripetal propeller and make, the 
generatrix a true arithmetic spiral which it 
ought to be; and in order to avoid the risk of 
science he can easily make a quack spiral, 
which would still make a good propeller. 

Mr. Isherwood hastily and erroneously com- 
mitted himself in the propeller question, pre- 
cisely as in the anti-expansion question, so 
that now he cannot act according to his own 
convictions, but constrains the navy to suffer 
the consequences. 

In all this, Mr. Isherwood is not so much to be 
blamed as the custom by which the profession 
has so long been guided, and from which it 
has suffered such serious evils. It is lamenta- 
ble for the country to ruin such extraordinary 
talent as that with which Mr. Isherwood is 
naturally gifted. 

Under the present organization, experience 
has demonstrated that it matters little who is 
the engineer-in -chief, fOr he is so overruled by 
politics that he cannot, even with all his good- , 
will, act altogether advantageously for his 
office. 

The Bureau of Steam-Engineering has been 
required by Congress to adopt machinery so 
perfectly absurd, that not a shadow of success 
for it could have been anticipated. After im- 
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mense sums of money have been expended, 
and the failure proclaimed, then the engineer- 
in-chief, as well as the navy department, have 
been attacked and shamefully abused for what 
they have not been at fault ; as has also been 
the case in the notorious trials of the. steamers 
Algonquin and Winooski. 

The people know only what has been pub- 
lished in the newspapers, where it is impossible 
to separate the chaff from the grain, and the 
true state of the case has not yet been revealed. 
In the course of this protracted controversy, 
however, our engineering standing has been 
impaired, and great loss of money has ensued ; 
not from any want of talent in the Bureau of 
Steam-Engineering, but simply because it does 
not control the confidence, and command the 
respect and dignity due to its important of&ce. 

Take the office of the Coast Survey as an ex- 
ample. The chief there not only understands 
his business,- but he is master of his situation. 
Congress will not impose upon him the adop- 
tion of some gimcrack instrument in his sur- 
veying. We never hear complaints of the 
maps and reports of that department, which 
command respect throughout the world, and 
are second to none- of their kind. On the one 
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side there is dignity and learning, and on the 
other, pedantry and dogmatism. 

The engineer-in-chief of the IT. S. navy 
ought to be endowed with the highest rank of 
that department. He ought to be brought up 
from some properly established technological 
academy, through all the different branches of 
naval engineering, iijcluding experience in the 
workshops and yards, and even in the coast- 
survey, lighthouse board and observatory de- 
partments, all of which are proper appurtenants 
of the navy. 

When an engineer has thus reached the im- 
portant and responsible station of engineer-in- 
chief, he would be able to command all the 
respect and confidence 'due to so distinguished 
an oiBoe, and in intellectual rank would be 
equivalent to a Grand Admiral. He should be 
the engineer-in-chief not only for "engine 
driving," but for the yards and docks, con- 
structions and works of every kind. He would 
himself be far above the drudgery and detail of 
mere construction, but would intrust that to 
the commodore-engineer in each yard where 
the work is to be executed, thus giving a chance 
of development and display to whatever talent 
the corps of engineers might possess, and create 
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an emulation which would elevate the navy to 
a condition of the highest perfection. 

The Grand Admiral Engineer would know 
how to select and surround himself with the 
highest ability, and how to detail appropriate 
persons to their respective stations. He would 
certainly build no light draft monitors which 
would not float. He would make no anti- 
expansion experiments and researches in steam- 
engineering without consulting the physical 
laws involved in the operation. He would not 
build any gimcrach-hair-cut-off-antifnction-douhle- 
douhU-crank-macMnery. There would be no 
pamphlets or newspapers abusing the engineer- 
in-chief and the navy department in general. 
The seed of technological education would be 
realized in a valuable harvest, and give no 
occasion for attacks upon high officials " who 
have not \h.Q savoir faire to chop up an opponent 
without hurting his feelings." 

As it now stands, the chief takes upon him- 
self to restrict all construction to his individual 
notions (except so far as be is himself controlled 
by the politicians), and from a censurable ambi- 
tion, is afraid to endow with discretion any of 
his subordinates whom he suspects of talent 
which may surpass his own. 

Constructions ought never to be made in the 
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navy department, for engineers, not being im- 
mediately connected with the workshops, can- 
not keep pace with the practical progress which 
is going on there. 

When Mr. Isherwood entered the TJ. S. navy, 
his natural talent for engineering made him at 
once his own master. There was none above 
him whose distinction he feared, none having 
sujfficient technological education to control or 
analyze his reasonings, and restrain the amaz- 
ing impetuosity which characterized all his 
movements. 

Now, in a properly educated and well organ- 
ized corps of engineers, Mr. Isherwood would 
have been subjected to such a wholesome super- 
vision that his great talent would have been 
usefully developed and utilized, and most of 
his well-meant errors would not have occurred 
to the detriment of his owq rising reputation, 
and to the damage of that esprit de corps which 
we all are so desirous to encourage. 

The technological academy, as above hinted, 
should also embrace ordnance,, coast survey, 
and lighthouse engineering, all of which natu- 
rally belong to the navy, and ought to be 
superintended by naval engineers. Lighthouse 
engineering presents a wide field, but is yet 
very little studied. The construction of light- 
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houses and lightships witb their appurtenances, 
as lamps, lenses, reflectors, electric lights, and 
the different kinds of machinery connected 
therewith, requires great mechanical skill, and 
ought to be the work of naval engineers. 

The navy yards, which are now under the 
charge bf line-ofBcers, ought to be intrusted to 
engineers of the same rank. In private life, we 
never find a shipyard or machine shop in charge 
of a sea-captain. A carpenter cannot super- 
intend the work of a blacksmith. 

The magnificent combination of a properly 
organized corps of naval engineers would at 
once elevate the country as well as economize 
its means, and utilize its resources. 

The money lost or squandered during the 
rebellion for want of such a corps may be esti- 
mated at a hundred million of dollars, the interest 
of which, through all future time, would be 
more than sufficient to build and support a 
technological academy of the highest order, and 
pay the salary of the whole corps of engineers. 

Who can predict the coming destiny of the 
country ? Who can tell how soon we may have 
another protracted war ? Are we prepared to 
meet it without extravagant sacrifices ? 

There "is no doubt of our capability to defeat 
any enemy that would dare to meet us, but the 
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question is, not to waste our means and ammu- 
nition at random, or to give him the satisfaction 
of knowing that we have overstrained ourselves 
in the conflict, but to convince him on the con- 
trary that our 'power is a manifestation of skil], 
and is not measured by numbers of guns and 
dollars. 

Great discoveries are frequently made of the 
highest national importance, and we are unable 
to grasp hold of them for want of a competent 
bureau of technical knowledge. 

Take, for example, the Bessemer process of 
refining iron, which, although announced in 
England some ten years ago, and although 
every nation in Europe took hold of it at once, 
there is yet but one establishment of the kind, 
and that only recently erected, in the United 
States. Had we been less dilatory, and secured 
the immense resources its introduction would 
have given us, it would have saved us many 
thousands of lives, and many millions of dollars, 
during our late naval and military operations. 
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Parabolas and Volutes, Plate v. Rules and Practical Data. St'udyo' 
Projevtiopt, Elementary Principles, Plate VI. Of PrismB and othet 
Solids, Plate VII. Rules and Practical Data. On Coloring Sections, with 
i1pju//cn/«in*— Conventional Colors, Composition or Mixture of Colors, 
Plate X. Contin-ualion of the Study of Projections — Use of sections-^ie- 
tails of machinery, -Plate XI. Simple applications — spindles, shafts, 
couplings, wooden patterns, Plate XII. Method of constructing a 
wooden model or pattern of a coupling, Elementary applications- 
rails and chairs for railways, Plate XIII. Rules and Practical Da/a'~ 
Strength of material, Resistance to compression or crushing toi-ce, 
Tensiohal Resistance, Resistance to flexure. Resistance to torsion, 
Friction of surfaces in contact. 

THli INT'EKSECTION AND DEVELOPMENT OF SURFACES, WJTH AP- 

PLICATIONS. — The Intersection of Cylinders and Cones, -Plate XIV. Ttu 
Velineaiion and Development of Haices, Screws And Serpentines, Plate 

XV. Application of the helix — the construction of a staircase, Plate 

XVI. The Intersection of surfaces — applications to stop-cocks, Plate 
X Vn. Rtdes and Practical Data — Steam, Unity of heat. Heating surface. 
Calculation of the dimensions of boilers, Dimensions of flregrates, 
Cliimneys, Safety-valves. 

The Study and CoNSTBrcTiON op Toothed Gear. — Involute, cy- 
cloid, and epicycloid, Plates XVIII. and XIX. Involute, Fig. 1, Plate 

XVIII. Cycloid, Fig. 2, Plate XVIII. External epicycloid, described 
by a circle rolling about a fixed circle inside it, Fig. 3, Plate XIX. 
Internal epicycloid, Fig, 2, Plate XIX. Delineation of a rack and 
pinion in gear. Fig. 4, Plate XVIII. Gearing of a worm with a worm- 
wheel, Figs. 5 and 6, Plate XVIII. Cylindrical or Spur Gearing, flate 

XIX. Practical delineation of a couple of Spur-wheels, Plate XX. 
The Delineation and Consti-uction of Wooden Patterns for Toothed Wheels, 
Plate XXI. Rules and Practical l)o(a— Toothed gearing. Angular and 
circumferential velocity of wheels. Dimensions of gearing. Thickness 
of the teeth. Pitch of the teeth. Dimensions of the web, Number and 
dimensions of the arms, wooden patterns. 

Continuation of the Stwdy of Toothed Gear. — Design for a 
pair of bevel-wheels in gear, Plate XXIl. Construction of wooden 
patterns for a pair of bevel-wheels, Plate XXIII. Involute and 
Helical neth, Plate XXIV. Contrivances for obtaining Differential 
Movements — The delineation of eccentrics and cams, Plate XXV. Rules 
atui Practical Dato— Mechanical work of effect. The simple machines. 
Centre of gravity. On estimating the power of prime movers, Calcu- 
lation for the brake, The fall of bodies. Momentum, Central forces. 

ELEMENtARY PRINCIPLES OF SHADOWS.— Sftodows of Prisms, Pyra- 
mids and Cylinders, Plate XXVI. Principles of Shading, Plate XXVII. 
Continuaiioa of the Study of Shadows, Plate XXVIII. Tuscan Order 
Plate XXIX. Rules and Practical Data— Pumps, Hydrostatic principles, 
' Forcing pumps. Lifting and forcing pumps. The Hydrostatic press, 
Hydrostatlcal calculations and data— discharge of water through dif- 
ferent oriSces, Gaging of a water-course of uniform section and tall. 
Velocity of the bottom of water-courses. Calculation of the discharge 
of water through rectangular oriflces of narrow edges. Calculation of 
the discharge of water through overshot outlets. To determine the 
width of an overshot outlet. To determine the depth of the outlet. 
Outlet with a spout qr duct. 

Application of Shadows to Toothed Gear, Plate XXX. Ap- 
plication of Shadows to Screws, Plate XXXI. Application of Shadows to 
a Boiler and Us Furnace, Plate XXXII. Shading in Black— Shading in 
Colors, Plate XXXIII. 

The Cutting and Shaping of Masonry, Plate XXXIV. Eulet 
and Practical i)afa— Hydraulic motors. Undershot water wheels, with 
plane floats and a circular channel. Width, Diameter, Velocity, Num- 
ber and capacity of the buckets. Useful effect of the water wheel, 
Overshot water wheels. Water wheels with radial floats. Water wheel 
With curved buckets, Turbines. Remarhs on jaachine Tods. 
2 
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The SxtTDY of Machinehyand Sketching. — Various appllcatlonB 
and combiaationB : Tlie Sketching of Maahmeryj Plates XXXV. nnd 
XXXVI. Drilling Machine; Motive Machines; Water wheels, Con- 
struction and setting up of water wheels, Delineation of water wheels, 
Design for a water wheel, Sketch of a water wheel ; Omrshot Water 
Wheels. Water Pumps,, Plate XXX,VII. Steam Motors; High-pressure 
expansive steani engine, Plates XXXVIII., XXXIX. and XL. Details 
of Co7istritction ; Movements of tlie IHstributUM and Expansion P'alves ; 
Rules and Practical Data — Steam engines : Low-pressure condensing 
engines without expansion valve, Diameter of piston, Velocities. 
Steam pipes and passages, Air-pump and condenser, Cold-water ana 
feed-pumps. High-pressure expansive engines. Medium pressure con- 
densing and expansive steam engine, Conical pendulum or centrifugal 
governor. 

Oblique Projections.— Application of rules to the delineation of 
an oscillating cylinder, Plate XLI. 

P^BALLKii Pehspective. — Principles and applications, Plate XLII. 

Thue Perspective. — Elementary principles, Plate XLIII. Appli- 
cations—flour mill driven by belts. Plates XLI v. and XLV. Descrip- 
tion of the mill, Representation of the mill in perspective. Notes of 
recent improvements in flour mills, Schiele's mill, Mullin's "ring mill- 
Btone," Barnett's millstone, Hastie's arrangement for driving millr<;, 
Currie's improvements in millstones ; Rules and Practical Data — Work 
performed by various machines, Flour mills, Saw mills, Veneer-sawing 
machines, Circular saws. 

ExAMPLEs-^F Finished Drawings of Machinery.— Plate A, 
Balance water-meter ; Plate B, Engineer's shaping machine ; Plate 
C D E, Express locomotive engine ; Plate F., Wood planing machine ; 
Plate G, Washing machine for piece goods ; Plate H, power loom ; 
Plate I, Duplex steam boiler; Plate J, Direct«ctiug marine engines. 

Drawing Instruments. 

Blinn. A Practical Workshop Companion 
for Tin, Slieet-Iron, and Copper-Plate 

Workers: 

Containing Rules for Describing various kinds ot Patterns 
used by Tin, Sheet-Iron, ' and Copper-Plate Workers ; 
Practical Geometry; Mensuration of Surfaces and Solids ; 
Tables of the Weights of Metals, Lead Pipe, etc. ; Tables 
of Areas and Circumferences of Circles ; Japans, Varnishes , 
Lackers, Cements, Compositions, etc. etc. By Leroy J. 
Blinn. With numerous Illustrations. 12mo $2.50 

Beans. A Treatise on Railroad Curves and the 
Location of Railroads. 

By E. W. Beans, C. B. 12mo. fin press.) 

Bisliop. A History of American Manufactures, 

Prom 1608 to 1860; exhibiting the Origin and Growth 
of the Principal Mechanic Arts and Manufactures, from 
the Earliest Colonial Period to the Present Time ; with a 
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Notice of the Important Inventions, Tariffs, and the Re- 
sults of each Decennial Census. By J. Leander Bishop, 
M. D, : to which is added Notes on the Principal Manu- 
facturing Centres and Remarkable Manufactories. Bjr 
Edward Young and Edwin T. Freedley. In two vols., 
8vo $6.00 

Bookbinding : A Manual of the Art of Book 
binding, 

Containing full instructions in the different branches of 
Forwarding, Gilding and Finishing. Also, the Art of 
Marbling Book-edges and Paper. By James B. Nicholson. 
Illustrated. 12mo., cloth, $2.25 

COWTEBrTS.— Sketch of the ProgresB of Bookbindine, Sheet- 
work, Forwarding the Edges. Marbling, Gilding the Edges, Covering, 
Half Binding, Blank Binding, Boarding, Cloth-work, Ornamental Art, 
Finishing, Taste and Design, Styles, Gilding, Illuminated Binding, 
Blind' Tooling, Antique, Coloring, Marbling, Uniform Colors, Gold 
Marbling, Landscapes, etc.. Inlaid Ornaments, HarnAmy of Colors, 
Pasting Down, etc.. Stamp or Press-work, Restoring the Bindings of 
Old Books, Supplying imperfections in Old Books, Hints to Book Col- 
lectors, Technical Lessons. 

Booth and Morfit. The Encyclopedia of 
Chemistry, Practical and Theoretical i 

'Embracing its application to the Arts, Metallurgy, M-ine- 
ralogy, Geology, Medicine, and Pharmacy, By James C. " 
Booth, Melter and Refiner in the United States Mint ; 
Professor of Applied Chemistry in the Franklin Institute, 
etc.; assisted by Campbell Mokpit, author of " Chemical 
Manipulations," etc. 7th Edition. Complete in one 
volume, royal octavo, 978 pages, with numerous wood 
cuts and other illustrations, $5.00 

From the very large number of articles in this volume, it is entirely 
!mposBible to give a list of the Contents, but attention may be called 
CO some among the more elaborate, such as Affinity, Alcoholometry, 
Ammonium, Analysis, Antimony, Arseni^ Blowpipes, Cyanogen, Dis- 
tillation, Electricity, Ethyl, Fermentation, Iron, Lead and Water. 

Brewer; (The Complete Practical.) 

Or Plain) Concise, and Accurate Instructions in the Art 
of Brewing Beer, Ale, Porter, etc., etc., and the Process 
5f Making all the Small Beers. By M. Lafayette Byek, 

M. D. With Illustrations. 12mo $1.25 

" Many an old brewer will find in tlUs book valuable hints and sug- 
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f:estlonB worthy of consideration, and the novice can post hlmnelf up 
n his trade in all Its parts." — Artisan. 

Builder's Pocket Companioa: 

Containing the Elements of Building, Surveying, and 
Architecture ; with Practical Kules and Instructions con- 
nected with the subject. By A. C. Smeaton, Civil Engi- 
neer, etc. In one volume, 12mo., ....$1.25 

COH'TEM'TS.— The Builder, Carpenter, Joiner, Mason, Plasterer, 
Flumber, Fainter, Smith, Practical Geometry, Surveyor, Cohesive 
Strength of Bodies, Architect. * 

" It gives, in a small space, the most thorough directions to the 
builder, from the laying of a brick, or the felling of a tree, up to the 
most elaborate production of ornamental architecture. It is scientific, 
without being obscure and unintelligible j and every house-carpenter, 
master, Journeyman, or apprentice, should have a copy at hand 
always."— ^enin^ BvZletin, 

Byrne. The Handbook for the Artisan, Me- 
chanic, and Engineer, 

Containing Instructions in Grinding and Sharpening of 
Cutting Tools, Figuration of Materials by Abrasion, Lapi- 
dary Work, Gem and Glass Engraving, Varnishing and 
Lackering, Abrasive Processes, etc., etc. By Oliver 
Byrne. Illustrated with 11 large plates and 185 cuts. 
8vo., cloth '. $5.00 

COU'TEH'TS.— Grinding Cutting Tools on the Ordinary Grind- 
stone ; Sharpening Cutting Tools on the Oilstone ; Setting Razors ; 
Sharpening Cutting Tools with Artificial. Grinders ; Production of Plane 
Surface? by Abrasion s Production of Cylindrical Surfaces by Abra- 
sion ; Production of Conical Surfaces by Abrasion ; Production of 
Spherical Surfaces by Abrasion; Glass Cutting; Lapidary Work; 
Setting, Cutting, and Polishing Flat and Rounded Works; Cutting 
l!'aucets ; Lapidary Apparatus for Amateurs ; Gem and Glass Engrav- 
ing ; Seal and Gem Engraving ; Cameo Cutting ; Glass Engraving, 
Varnishing, and Lackering ; General Remarks upon Abrasive Pro- 
cesses ; Dictionary of Apparatus ; Materials and Processes for Grinding 
and Polishing commonly employed in the Mechanical and Useful Arts. 



Byrne. 



The Practical Metal- worker's Assist- 



ant, 

For Tin-plate Workers, Braziers, Coppersmiths, Zino- 
plate Ornrmeuters and Workers, Wire Workers, White- 
smiths, Blacksmiths, Bell Hangers, Jewellers, Silver and 
Gold Smiths, Eleotrotypers, and all other Workers iu 
Alloys and Metals. Edited by Oliver Bthkb. Complete 
in one volume, octavo $7.00 

It treats of Casting, Founding, and Forging; of Tongs and otiiri 
Tools; D<igrees of Heat and Management of Fires; Welding of 
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^Heading and Swage Tools ; of Punches and Anvils ; of Hardening aiv«l 
Tempering; of Malleable Iron Castings, Case Hardening, Wrought 
and Cast Iron; the Management and Manipulation of IVIetals and 
Alloys, Melting and Mixing ; the Management of Furnaces, Casting 
and Founding with Metallic Moulds, Joining and Working Sheet Metal ; 
Peculiarities of the diflferent Tools employed ; Processes dependent on 
the ductility of Metals ; Wire Drawing, Drawing Metal Tubes, Solder 
Ing; The use of the Blowpipe, and every other known Metal Worker's 
Tool. 

Byrne. The Practical Model Calculator, 

For the Engineer, Machiulst, Manufacturer of Engine 
Work, Naval Architect, Miner, and Millwright. By 
Oliver Btkne, Compiler and Editor of the Dictionary of 
Machines, Mechanics, Engine Work and Engineering, and 
Author of various Mathematical and Mechanical Works. 
Illustrated by numerous engravings. Complete in one 
large volume, octavo, of nearly six hundred pages, ..$4.50 

The principal objects of this work are : to establiah model calcula- 
tlonB to guide practical men and students ; to illustrate every practical 
rule and principle by numerical calculations, systematically arranged ; 
to give information and data indispensable to those for whom it is in- 
tended, thus surpassing in value any other book of its character ; to 
economize the labor of the practical man, and to render his every-day 
calculations easy and comprehensive. It will be found to be one of 
the most complete and valuable practical books ever published. ' 

Cabinetmaker's and UpholstererV Companion, 

Comprising the Rudiments and Principles of Cabinet- 
making and Upholstery, with Familiar Instructions, il- 
lustrated by Examples for attaining a proficiency in the 
Art of Drawing, as applicable to Cabinet Work ; the 
processes of Veneering, Inlaying, and Buhl Work ; the 
Art of Dyeing and Staining Wood, Bone, Tortoise Shell, 
etc. Directions for Lackering, Japanning, and Varnish- 
ing ; to make French Polish ; to prepare the best Glues, 
Cements, and Compositions, and a number of Receipts 
particularly useful for Workmen generally. By J. Stokes. 

In one volume, 12mo. With Illustrations, |1.25 

" A large amount of practical informntion, of great service to all 
eoncerned in those branches of business." 

Campin. A Practical Treatise on Mechanical 
Engineering; 

Comprising Metallurgy, Moulding, Casting, Forging, 
Tools, Workshop Machinery, Mechanical Manipulation, 
Manufacture of Steam Engines, etc. etc. With an Appen- 
dix on the Analysis of Iron and Iron Ores. By Francis 
Campin, C. E. To which are added, Observations on thn 
6 



PUBLISHED BY HEKTRY CAHEY BAIHD 



Constrnction of Steam Boilers and remarksupon Furnaces 
used for Smoke Prevention ; with a Chapter on Explosions. 
By R. Armstrong, C. E., and John Bourne. Rules for Cal- 
culating the Change Wheels for Screws on a Turning Lathe, 
and for a Wheel-cutting Machine. By J. La Nioca. Man! 
agement of Steel, including Forging, Hardening, Temper- 
ing. Annealing, Shrinking, and Expansion. And the Case- 
hardening of Iron. By G. Ede. 8ro. Illustrated with 29 
plates and 100 wood engravings. 8vo...., $ti.00 

Colburn. The Locomolive Engine ; 

Including a Description of its Structure, Rules for Esti- 
mating its Capabilities, and Practical Observations on its 
Construction and Management. By Zebah Colbujin. Il- 
lustrated. A new edition. 12mo, $1.25 

*' It iB the most practical and generally useful work on the Steam 
Engine that we have seen." — Boston Traveler." 

Daguerreolypist and Photographer's Companion. 

12mo., cloth $1.25 

Distiller (The Complete Practical). 

B7 M. Lafatette BTBif, M.D. With Illustrations. 12ino. 

$1.25 

" So simplified, that it is adapted not only to the use of extensive 
Distillers, but for every farmer, or others who may want to engage iu 
Distilling." — Banner of the Union. 

Dussauce. Practical Treatise 

On the Fabrication op Matches, Gun Cotton, vnd Fdlmi- 
NATiNG Powders. By Prof. H. Dussauce. 12mo.,....$3.00 

CONT'E^NTS.— Phosphorus.— HistoTj of Phosphorus; Physical 
Properties ; Chemical Properties ; Natural State ; Preparation oi 
White Phosphorus ; Amorphous Phosphorus, and Benoxide of Lead. 
Jfwic/ic*.— Preparation of Wooden Matches; Matches inflammable by 
rubbing, without noise ; Common Lucifer Matches: Matches without 
Phosphorus ; Candle Matches ; Matches with Amorphous Phospho- 
rus ; Matches and Rubbers without Phosphorus. Gun Cottim. — Proper- 
ties ; Preparation ; Paper Powder ; use of Cotton and Paper Powders 
for Fulminatiug Primers, etc.; Preparation of Fulminating Primers, 
etc., etc. 

Dussauce. Chemical Receipt Book: 

A General Formulary for the Fabrication of Leo^Jing 
Chemicals, and their Appllcatiim to the Arts, Manufac- 
tures, Metallurgy, and Agricu ture.' By Prof. H. Dus- 
gauce. (/« press.) 



PEACTICAL AND SCIENTIPIC BOOK3. 

DYEING, OALIOO PEINTINS, OOLOES, OOTSON SPIN- 
IflNG, AND WOOLEN MANUEAOTUEE. 

Baird. The American Cotton Spinner, and 
Manager's and Carder's Guide: 

A Practical Treatise on Cotton Spinning ; giving the Di- 
mensions and Speed of Machinery, Draught and Twist 
Calculations, etc.; with Notices of recent Improvements : 
together with Bules and Examples for making changes 
in the sizes and numbers of Roving and Yarn. Com- 
pile! from the papers of the late Robert H. Baird. 
12mo $1.25 

Capron De Dole. Dussauce. Blues and Car- 
mines of Indigo ! 

A Practical Treatise on the Fabrication of every Commer 
cial Product derived from Indigo. By Felicieu Capron 
de Dole. Translated, with important additions, by Pro- 
fessor H. Dussauce. 12mo $2.50 

Cliemistry Applied to Dyeing. 

By James Napier, F. C. S. Illustrated. 12mo $2.50 

CONT'BNTS.—eeneral PropertUa of Matter.— HeaX, Light, Ele- 
ments of Matter, Chemical Affinity. Non-Metallic Substancns. — Oxygen, 
Hydrogen, Nitrogjen, Chlorine, Sulphur, Selenium, Phosphorus, Iodine, 
Bromine, Fluorine, Silicum, Boron, Carbon. MetaUic Substances. — 
General Properties of Metals, Potassium, Sodium, Lithium, Soap, 
Barium, Strontium, Calcium, Magnesium, Alminum, Manganese, Iron, 
Cobalt, Nickel, Zinc, Cadmium, Copper, Lead, Bismuth, Tin, Titanium, 
Chromium, Vanadium, Tungstenum or WolfTam, Molybdenum, Tella- 
rium, Arsenic, Antimonyj Uranium, Cerium, Mercury, Silver, Gold, 
Platinum, Palladium, Iridium, Osmium, Rhodium, Lanthanium, ifm*- 
dants. — Red Spirits, Barwood Spirits, Plumb Spirits, Yellow Spirits, 
Nitrate of Iron, Acetate of Alumina, Black Iron Liquor, Iron and Tin 
for Royal Blues, Acetate of Copper. Vegetable Maiters used in Dyeing. — 
Galls, Sumach, Catechu, Indigo, Logwood,^ Brazil-woods, Sandal-wood, 
Barwood, Camwood, Fustic, Young Fustic, Bark or Quercitron, Fla- 
viiie, Weld or Wold, Turmeric, Persian Berries, Safflower, Madder, 
Munjeet, Annota, Alkanet Root, Archil. Proposed New Yegetablt 
OjlKs. — Soorai^jee, Carajuru, Wongshy, Aloes, Pittacal. Barbary Root, 
dnimal Matters used in Dyeing. — Cochineal, Lake or Lac, Kerms. 

This will be found one of the most valuable books on the subject ol 
Dyeing, ever published in this country. 

Dussauce. Treatise on tlie Coloring Matters 
Derived from Coal Tar; 

Their Practical Application in Dyeing Cotton, Wool, and 
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Silk ; the Principles of the Art of Dyeing and of the Dis- 
tillation of Coal Tar ; with a Description of the m-jst Im- 
portant New Dyes now in use. By Professor H. Dus- 
saace, Chemist. 12mo '. $2.50 

COMTBM"TS.^HiBtorIcal Notice of the Art of Dyeing—Chemical 
Principles of the Art of Dyeing— Preliminary Preparation of Stiiftfe — 
Mordants — Dyeing^On the Coloring Matters produced by Coal Tar — 
Distillation of Coal Tar — History of Aniline — Properties of Aniline- 
Preparation of Aniline directly from Coal Tar — Artificial Preparatioa 
of Aniline — Preparation o£>JBcnzole — Prof)erties of Benzole — Prepara- 
tion of Nitro-Benzole — Transformation of Nltro-Benzole into Aniline, 
tiy means of Sulphide of Ammonium j by Nascent Hydrogen : by Ace- 
tate of Iron ; and by Arsenite of Potash— Properties of the Bi-Nitro- 
Benzole — Aniline Purple — Violine — Roseine — Emeraldine — Bleu de 
Paris — Futschine, or Magenta — Coloring Matters obtained by other 
bases from Coal Tar — Nitroso-Phenyline — Di Nitro-Aniline— Nitro- 
Phenyline— Picric Acid — Rosalie Acid— Quinoline — Napthaline Colors 
— Chloroxynaphthalic and Perchloroxynapthalio Acids-^Carmi naph- 
tha — Ninaphthalamiue — Nitrosonaphthaline— Naphthamein — Tar Red 
— Azullne — Application of Coal Tar Colors to the Art of Dyeing and 
Calico Printing— Action of Light on Coloring Matters from Coal Tar 
—Latest Improvements in the Art of Dyeing — Chrysammic Acid — Mo- 
lybdic'and Picric Acids — Extract of Madder — Theory of the Fixation 
of Coloring Matters in Dyeing and Printing — Principles of the Action 
of the most important Mordants — Aluminous Mordants — Ferruginous 
Mordants— Stanniferous Mordants — Artificial Alizarin — Metallic Hy- 
posulphites as Mordants— Ihrer's Soap — Preparation of Indigo for Dye- 
ing and Printing— Relative Value of Indigo— Chinese Green Murexide. 

Dyer and Color-maker's Companion : 

Containing upwards of two hundred fieceipts for making 
Colors, on the most approved principles, for all the 
various styles and fabrics now in existence ; with the 
Scouring Process, and plain Directions for Prejpariiig, 
Washing-off, and Finishing the Goods. Second edition. 
lu one volume, 12mo '. $1.25 

French Dyer, (The) : 

Comprising the Art of Dyeing in Woolen, Silk, Cotton, 
etc., etc. By M. M. Riffault, Vernaud, De Fonteuelle, 
Thillaye, and Mallepeyre. (^In press.') 

Love. The Art of Dyeing, Cleaning, Scouring, 
and Finishing, 

On the Most Approved English and Fkenoh Methods , 
being Practical Instructions in Dyeing Silks, Woolens 
and Cottons, Feathers, Chips, Straw, etc., Scouring and 
Cleaning Bed and Window Curtains, Carpets, Rugs, etc., 
French and English Cleaning, any Color or Fabric of 
Silk, Satin, or Damask. By Thomas Love, a working 

Dyer and Scourer. In one volume, 12mo....' $3.00 
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O'Neill. Chemistry of Calico Printiirg, Dye- 
ing, and Bleacliing ; 

Including Silken, Woolen, and Mixed Goods ; Practical 
and Theoretical. By Charles O'Neill. (In press.) 

O'Neill. A Dictionary of Calico Printing and 
Dyeing. 

By Charles O'Neill. (^In press.) 

Scott. The Practical Cotton-spinner and Man- 
ufacturer ; 

Oe, Thb Manager and Overi,ookek's Companion. This 
work contains a Comprehensive System of Calculations 
for Mill Gearing and Machinery, from the first Moving 
Power, through the different processes of Carding, Draw- 
ing, Slabbing, Roving, Spinning, and Weaving, adapted 
to American Machinery, Practice and Usages. Compen- 
dious Tables of Yarns and Reeds are added. Illustrated 
by large Working-Drawings of the most approved Ameri- 
can Cotton Machinery. Complete in one volume, oc- 
tavo $5.00 

This edition of Scott's Cotton-Spinner, by Oliver Byrne, is designed 
fcr the American Operative. It will be found intensely practical, and 
will be of the greatest possible value to the Manager, Overseer, and 
Workman. 

Sellers. The Color-mixer. 

By John Sellers, an Experienced Practical Workman. 
To which is added a. Catechisu of Chemistry. In one 
volume, 12mo $2.50 

Smith. The Dyer's Instructor; 

Comprising Practical Instructions in the Art of Dyeing 
Silk, Cotton, Wool and Worsted, and Woolen Goods, as 
Single and Two-colored Damasks, Moreens, Camlets, 
Lastings, Shot Cobourgs, Silk Striped Orleans, Plain Or- 
leans, from White and Colored Warps, Merinos, Woolens, 
Yarns, etc.; containing nearly eight hundred Receipts. 
To which is added a Treatise on the Art of Padding, and 
the Printing of Silk Warps, Skeins and Handkerchiefs, 
and the various Mordants and Colors for the different 
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styles of such work. By David Smith, Pattern Dyer. 
A new edition, in one volume, 12mo $3.00 

CONTEIfTS.— Wool Dyeing, 60 receipts— Cotton Dyeing, 68 re- 
ceipts — Silk Dyeing, 60 receipts — Woolen Yarn Dyeing, 69 receiijts— 
Worsted Yarn Dyeing, 61 receipts— Woolen Dyeing, 62 receipts — Da- 
mask Dyeing, 40 receipts — Moreen Dyeing, 38 receipts- Two-Colored 
Damask Dyeing, 21 receipts — Camlet Dyeing, 23 receipts — Lasting Dye- 
ing, 23 receipts— Shot Cobourg Dyeing, 18 receipts— Silk Striped Or- 
leans, from Black, White, and Colored Warps, 23 receipts — Colored 
Or|^eans, from Black Warps, 16 receipts — Colored Orleans and Co- 
bourgs, from White Warp9,"27 receipts- Colored Merinos, 41 receipts 
— Woolen Shawl Dyeing, 16 receipts— Padding, 42 receipts — Silk Warp, 
Skein, and Handkerchief Printing, 62 receipts — Nature and Use of Dye- 
wares, including Alum, Annotta, Archil, Ammonia, Argol, Super 
Argol, Camwood, Catechu, Cochineal, Chrome, or Bichromate of Pot- 
ash, Cudbear, Chemic, or Sulphate of Indigo, French Berry, or Persian 
Berry, Fustic or Young Fustic, Galls, Indigo, Kermes or Lac Dye, 
Logwood, Madder, Nitric Acid or Aqua Fortis, Nitrates, Oxalic Tin. 
Peachwood, Frussiate of Potash, Quercitron Bark, Samower, Saun- 
ders or Red Sandal, Sapan Wood, Sumach, Turmeric, Examination of 
Water "by Tests, etc., etc. 



[Jlricli. Diissauce. A Complete Treatise 

Ok the Art op Dteikg Cotton and Wool, as pkactisbd i» 
Paris, Rouen, MuiHonsE and Gekmant. From the French 
of M. Louis Ulrioh, a Practical Dyer in the principal 
Manufactories of Paris, Rouen, Mulhouse, etc., etc. ; to 
which are added the most important Receipts for Dyeing 
Wool, as practised in the Manufacture Imperiale des 
Gobelins, Paris. By Professor H. Dussauce. 12mo..$3 00 

CONTEBTTS.- 

Rouen Dyea, 106 Beceipts. 

Alsace " 236 " 

German " 109 " 

Mulhouse " 72 " 

FarisiaTi " 66 " 

Gobelins " lOO •■ 
In all nearly TOO Receipts. 



Easton. A Practical Treatise on Street or 
Horse-power Railways; 

Their Location, Construction and Management ; with 
general Plana and Rules for their Organization and Ope- 
ration ; together with Examinations as to their Compara- 

H 
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tive Advantages over the Omnibus System, and Inquiries 
as to their Value for Investment ; including Copies of 
Municipal Ordinances relating thereto. By Alexander 
Easton, C. E. Illustrated by twenty-three plates, 8vo., 
cloth $2.00 

Examinations of Drugs, Medicines, Cliemicais, 
etc., 

As to their Purity and Adulterations. By C. H. Peirce, 
M. D. 12mo., cloth $2.50 

Fisher's Photogenic Manipulation. 

16mo., cloth 62 

Gas and Ventilation? 

A Practical Treatise on Ga£ "lai Ventilation. By E. E 
Perkins. 12mo., cloth .$1.00 

Gilbart. A Practical Treatise on Banking. 

By James William Gilbart, F. R. S. A new enlarged and 
improved edition. Edited by J. Smith Homans, editor 
of " Banker's Magazine." To which is added " Money," 
by H. C. Carey. 8vo.., $3.50 

Gregory's Mathematics for Practical Men; 

Adapted to the Pursuits of Surveyors, Architects, Me-, 
chauics and Civil Engineers. Svo., plates, cloth...$2.25 

Hardwich. A Manual of Photographic Chem- 
istry; 

Iiicludiug the practice of the Collodion Process. By J. 
F. Hardwiclt. {In press.) 

Hay. The Interior Decorator; 

The Laws of Harmonious Coloring adapted' to Interior 
Decorations ; with a Practical Treatise oa House Puint- 
ing. By D. R. Hay, House Painter and Decorator. Il- 
lustrated by a Diagram of the Primary, Secondary «nd 
Tertiary Colors. ]2mo. {Injness.) 
12 
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Inveiilor's Guide — Patent Office and Patent 
Laws : , 

Or, a Guide to Inventors, and a Book of Eeferenoe for 
Judges, Lawyers, Magistrates, and others. By J. G. 
Moore. 12mo., cloth $1.25 

Jervis. Railway Property. A Treatise 

On the CoirSTRUOTioN and Management of Railways ; de- 
signed to afford useful knowledge, in the popular style, 
to the holders of this class of property ; as well as Rail- 
way Managers, Officers and Agents. By John B. Jervis, 
late Chief Engineer of the Hudson River Railroad, Cro- 
ton Aqueduct, etc. One volume, 12mo., cloth $2.00 

CONTBITTS. — Preface — Introduction. Construction. — Introduc- 
tory — Land and Land Damages — Location of Line — Method of Busineea 
— Grading — Bridges and Culverts— Road Crossings — Ballasting Track — 
Cross Sleepers— Chairs and Spikes — Rails— Station Buildings — Loco- 
motives, Coaches and Cars. Operating. — Introductory— Freight— Pas- 
sengers— Engine Drivers— Repairs to Track— Repairs of Machinery- 
Civil Engineer — Superintendent — Supplies of Material — Receipts — Dis- 
bursements — Statistics — Running Trains — Competition — Financial 
Management — General Remarks. 

Johnson. Tlie Coal Trade of British America; 

With Researches on the Characters and Practical Values 
of American and Foreign Coals. By Walter R. Johnson, 
Civil and Mining Engineer and Chemist. 8vo $2.00 

This volume contains the results of the experiments made fur the 
Navy Department, upon which their Coal contracts are now baaed. 

Johnston. Instructions for the Analysis of 
Soils, Limestones and Manures. 

By J. F. W. Johnston. 12mo 38 

Larkin. The Practical Brass and Iron Found 
er's Guide,* 

A Concise Treatise on the Art of Brass Founding, Moull- 
ing, etc. By James Larkin. 12mo., cloth ....$1.25 

Leslie's (Miss) Complete Cookery; 

Directions for Sookery in its Various Branches. By Miss 
Leslie. 58th thousand. Thoroughly revised ; with the 
addition of New Receipts. In one volume, 12mo., half 

bound, or in sheep $1.25 

13 
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Leslie's (Miss) Ladies' House Book; 

A Manual ot Domestic Economy. 20th revised edition. 
12mo., sheep $1.2S 

Leslie's (Miss) Two Hundred Receipts in 
Frencli Cooliery. 

Cloth, 12mo 25 

Liel)er. Assayer's Guide; 

Or, Practical Directions to Assayers, Miners and Smelters, 
for the Tests and Assays, by Heat and by Wet Processes, 
of the Ores of all the principal Metals, and of Gold and 
Silver Coins and Alloys. By Oscar M. Lieber, late Geolo- 
gist to the State of Mississippi. 12mo. With illustra- 
tions $1.25 

"Among the Indispensable works for this purpose, Is this little 
guide."— IrtfouB. 

Lowig. Principles of Organic and Physiologi- 
cal Chemistry. 

By Dr. Carl Lowig, Doctor of Medicine and Philosophy ; 
Ordinary Professor of Chemistry in the University of 
Zurich ; Author of " Chemie des Organischen Verbindun 
gen." Translated by Daniel Breed, M. D., of the tJ. S. 
Patent Office ; late of the Laboratory of Liebig and Lowig. 
8vo., sheep 13.50 

Marble Worker's Manuals 

Containing Practical Information respecting Marbles in 
general, their Cutting, Working and Polishing, Veneer- 
ing, etc., ate. 12mo., cloth $1.25 

Miles. A Plain Treatise on Horse-shoeing. 

With Illustrations. By William Miles, Author of " The 
Horse's Foot," $1.00 

14 
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Miiin & Brown. The Marine Steam-Engine. 

By Thomas J. Main, F.R. Ast. S. Mathematical Professor 
at the Royal Naval College, Portsmouth, and Thomas 
Brown, Assoc. Inst. C. E. Chief Engineer R. N. attached 
to the Royal Naval College. Authors of "Questions Con- 
nected with the Marine Steam-Engine," and the " Indi- 
cator and Dynamometer." With Numerous Illustrations. 

In one Volume, 8vo $5.00 

CONTENTS.— Introductory Chapter, The Boiler, The Engine, Get- 
ting up Steam, Duties to Machinery when under Steam, Duties to En- 
gine, &c., on arriving in harbor, Miscellaneous, Appendix. 

Main & Brown. Questions on Subjects Con- 
nected with the Marine-Steam Engine, 

And Examination Papers ; with Hints for their Solution. 
By Thomas J. Main, Professor of Mathematics Royal Naval 
College, and Thomas Brown, Chief Engineer R. N. 12mo., 
cloth $1.50 

Main & Brown. The Indicator and Dynamo- 
meter, 

With their Practical Applications to the Steam Engine. 
By Thomas J. Main and Thomas Brown. With Illustra- 
tions. 8vo., cloth Sl-50 



Morfit. A Treatise on Chemistry 

Applied to the Mandpactuke of Soap and Candles ; heing 
a Thorough Exposition, in all their Minntise, of the prin- 
ciples and Practice of the Trade, based upon the most 
recent Discoveries in Science and Art. By Campbell 
Morfit, Professor of Analytical and Applied Chemistry in 
the University of Maryland. A new and improved erli- 
tion. Illustrated with 260 Engravings on Wood. Com- 
plete in one volume, large 8vo JV-iiO 

COWTEITTS.— CHAPTER I. The History of the Artandits Rela- 
tlons to Science — II. Chemical Combination — III. Alkalies and Alka- 
line Earths— IV. Alkalimentary— V. Acids— VI. Origin and Compom- 
tion of Fatty Matters— VII. Saponlflable Fats— Vegetable Fats— Ani- 
mal Fats— Waxes— VIII. Action of Heat and Mineral Acids of Fatty 
Matters — IX. Volatile or Essential Oils, and Kesins — X The Proxi- 
mate Principles of Fats — Their Composition and Properties — Bftsio 
Constituents of Fats — XI. Theory of Saponifieation^XII. Utensils 
Requisite for a Soap Factory — XIII. Preparatory Manipulations in 
the Process of Making Soap— Preparation of the Lyes— XIV. Hani 

15 
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Soaps— XV. Soft Soaps— XVI. Soaps by the Cold Process— XVII. Sill- 
catea Soaps— XVIII. Toilet Soaps— XIX. Patent Soaps— XX. Fraud 
and Adulterations in the Manufacture of Soap — XXI. Candles — XXII. 
Illumination— XXIII. Philosophy of Flame— XXIV. Haw Material 
for Candles— Purification and Bleaching of Suet— XXV. Wicks- XXVI. 
Dipped Candles— XXVII. Moulded Candles— XXVIII.. Stearin Candles 
—XXIX. Stearic Acid Candles— " Star" or "Adamantine" Candles— 
Saponification by lame — Saponification by Lime and Sulphurous Acid 
—Saponification by Sulphuric Acid— Saponification by the combined 
action of Heat, Pressure and Steam— XXX. Spermaceti Candles— 
XXXI. Wax Candles— XXXII. Composite Candles— XXXIII. Paraffin 
—XXXIV. Patent Candles— XXXV. Hydrometers and Thermometers. 

Mortimer. Pyrotechnist's Companion; 

Or, a Familiar System of Fire-workg. By G. W. Morti- 
mer. Illustrated by numerous Engravings. 12mo$1.25 

Napier. Manual of Electro-Metallurgy; 

Including the Application of the Art to Manufacturing 
Processes. By Jame'i Napier. From the second London 
edition, revised and enlarged. Illustrated by Engrav- 
ings. In one volnine, I^mo $1.50 

Napier's Eleotro-Metallurgy is generally regarded as the very best 
Practical Treati&s on the Su^ect in tl;e Knglisn Language. 

CON"TEN"TS.— History of the Art of Electro-Metallurgy^De8crIi>- 
tton of Galvanic Batteries, and their respective Peculiarities — Elec- 
trj>type Processes— Miscellaneous Applications of the Process of Coat- 
Inff with Copper — Bronzing — Decomposition of Metala upon one 
uiother — Electro-Plating— Electro-Gilding— Results of Experi ments 
on the Deposition of other Metals as Ck)atings, Theoretical Observa- 
tions. 

?f orris's Hand-book for Locomotive Engineers 
and Machinists; 

Comprising the Calculations for Constructing Locomo- 
tives, Manner of setting Valves, etc., etc. By Septimus 
Norris, Civil and Mechanical Engineer. In one -volume, 
12mo., with Illustrations $2.00 

•* with pleasure do we meet with such a work as Messrs. Nome 
K.«d Baird have given us." — Artizan. 

" In this work he has given us what ire called ' the secrets of the 
husinestf,* in the rules to construct locomotives, in order that the mil- 
lion shoiild be learned. in all things." — ScierUiJic American. 

Nystrom. A Treatise on Screw-Propellers and 
their Steam-Engines ; 

With Practical Rules and Examples by which to Calcu- 
late and Construct the same for any description of Ves- 
sels. By J. W. Nystrom. Illustrated by over thirty 
larjie Working Drawings. In one volume, octavo. ..SS.CO 
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Overman. The Manufacture of Iron in all its 
Various Branches; 

To which is added an Essay on the Manufacture of Steel. 
By Frederick Overman, Mining Engineer, With one 
hundred and fifty Wood Engravings. Third edition. In 
one volume, octavo, five hundred pages $7.50 

" We have now to announce the appearance of another valuable 
work on the subject, which, in our humble opinion, supplies any defi- 
ciency which late improvements and discoveries may have caused, 
from the lapse of time since the date of * Mushet' and ' Schrivenor.* 
It is the production of one of our Trans-Atlantic brethren, Mr. Fred- 
erick Overman, Mining Engineer ; and we do not hesitate to set it 
rtown as a work of great importance to all connected with the iron in- 
terests;, one which, while it is sufficiently technological fully to ex- 
plain chemical analysis, and the various phenomena Of iron under 
ditterent circumstances, to the satisfaction of the most fastidious, is 
written in that clear and comprehensive style as to be available to the 
capacity of the humblest mind, and consequ'ently will be of much ad- 
vantage to those works where the proprietors may see the desirability 
of placing it in the hands of their operatives." — London Mining 
Journal. 

Painter, Gilder and Varnisher's Companion; 

Containing Rules and Regulations in every thing relating 
to the Arts of Painting, Gilding) Varnishing and Glass 
Staining ; with numerous useful and valuable Receipts ; 
Tests for the detection of Adulterations in Oils and 
Colors ; and a statement of the Diseases and Accidents to 
which Painters, Gilders and Varnishers are particularly 
liable, with the simplest methods of Prevention and 
Remedy. Eighth edition. To which are added Complete 
Instructions in Graining, Marbling, Sign Writing, and 
Gilding on Glass. 12mo., cloth $1.25 

Paper-Hanger's (The) Compairion; 

In which the Practical Operations of the Trade are sys- 
tematically laid down ; with copious Directions Prepara- 
tory to Papering ; Preventions against the effect of Damp 
"in Walls ; the various Cements and Pastes adapted to 
the several purposes of the Trade ; Observations and Di- 
rections for the Panelling and Ornamenting of Rooms, 
etc., etc. By James Arrowsinith. In one volume 
12mo $1.25 

Practical (The) Surveyor's Guide; 

Containing the necessary information to make any por 
son of common capacity a finished Land Snrvevor, with- 
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out the aid of a Teacher. By Andrew Duncan, Land 
Surveyor and Civil Engineer. 12mo ....$1.25 

Having had an experience as a Practical Surveyor, etc., of thirty 
years, it is believed that the author of this volume possesses a thorough 
knowledge of the wants of the profession ; and never having met with 
any work suflloiently concise and instructive in the several details 
necessary for the proper qualification of the Surveyor, it has been his 
object to supply that want. Among other Important matters in the 
book, will be found the following : 

Instructions in levelling and profiling, with a new and speedy plan 
of setting grades on rail and plank roads— the method of inflecting 
curves — the description and design of a new instrument, whereby dis- 
tances are found at once, without any calculation— a new method of 
surveying any tract of land by measuring one line through It — a geo- 
metrical method of correcting surveys taken with the compass, to fit 
them for calculation— a short method of finding the angles from the 
courses, and vice versa — the method of surveying with the compass 
through any mine or iron works, and to correct the deflections of the 
aeedle by attraction— descriiition of an Instrument by the help of 
which any one may measure a map by inspection, without calculation 
— a new and short method of calculation, wherein fewer figures are 
used — the method of correcting the diurnal variation of the needle 
—various methods of plotting and embellishing maps — the most cor- 
rect method of laying off-plots with the pole, etc. — description of a 
new compass contrived by the author, etc., etc. 

Railroad Engineer's Pocket Companion for tlie 
Field. 

By W. Griswold. i2mo., tucks $1.25 

Regnault. Elemenls of Cliemislry. 

By M. v. Regnault. Translated from the French by T. 
Forrest Betton, M. D., and edited, with notes, by James 
C. Booth, Melter and Refiner U. S. Mint, and William L. 
Faber, Metallurgist and Mining Engineer. lUnstrated by 
nearly 700 wood engravings. Comprising nearly 1,600 
In two volumes, 8yo., cloth $10 00 



Rural Chemistry; 

An Elementary Introduction to the Study of the Science, 
in its relation to Agriculture and the Arts of Life. By 
Edward Solly, Professor of Chemistry in the Hortioul- 
tnral Society of London. From the third improved Lon- 
don edition. 12mo , .....$1.50 

Shunk. A Practical Treatise 

Oh Railway Curves, and Location fok Yobng Enoinbers. 
By Wm. F. Shunk, Civil Engineer, lamo $1.0« 

Sticngtli and Other Properties of Metals; 

Kof orta of Experiments on the Strength and other Pro- 
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parties of Metals for Cannon. With a Description of tho 
Machines for Testing Metals, and of the Classification of 
Cannon in service. By Officers of the Ordnance Depart- 
ment U. S. Army. By authority of the Secretary of 
War. Illustrated by 25 large steel plates. In one vol- 
ume, quarto $10.01 

The beat Treatise on Cast-Iron extant. 

Tables Showing the Weight • 

f Of RoniTD, Sqdaee and Flat Bar Ikos, Steel, etc., hy 
Measurement. Cloth... SO 

Taylor. Statistics of Coal; 

Including Mineral Bituminous Substances employed in 
Arts and Manufactures ; with their Geographical, Geo- 
logical and Commercial Distribution, and Amount of Pro- 
duction and Consumption on the American Continent. 
With Incidental Statistics of the Iron Manufacture. By 
R. C. Taylor. Second edition, revised by S. S. Halde- 
man. Illustrated by five Maps and many Wood Engrav- 
ings. 8vo., cloth ...$6.00 

Templeton. The Practical Examinator on 
Steam and the Steam Engine ; 

With Instructive References relative thereto, arranged 
for the use of Engineers, Students, and others. By Wm, 
Templeton, Engineer. 12mo $1.25 

This work was originally written for the author's private use. He 
was prevailed upon by various Engineers, who had seen the notes, to 
sonsent to its publication, &om their eager expression of belief that 
it would be equally useful to them as it had been to MmBelf. 

Tin and Sheet Iron Worker's Instrnctor; 

Comprising complete l)eeeriptions of the necessary Pat 
terns and Machinery, and the Processes of Calculating 
Dimensions, Cutting, Joining, Raising, Soldering, etc. 
etc. With numerous Illustrations $2.50 

Treatise (A) on a Box of Instruments, 

And the Slide Rule ; with the Theory of Trigonometry 
and Logarithms, including Practical Geometry, Survey 
ing. Measuring of Timber, Ca=k and Malt Gauging, 
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Heights and Distances. By Thomas Kentish. In one 
volnme, 12mo $1.25 

A volume of Inestimable value to Engineers, Gaugere, Students, and 
others, 

Tunibull. The Electro-Magnetic Telegraph; 

With an Historical Account of its Rise, Progress, and 
Present Condition. Also, Practical Suggestions in regard 
to Insulation and Protection from the Effects of Light- 
ning. Together with an Appendix containing several 
important Telegraphic Devices and Laws. By Lawreudb 
Turnbull, M. D., Lecturer on Technical Chemistry at the 
Franklin Institute. Second edition. Revised and im- 
proved. Illustrated by numerous Engravings. 8vo..$2.50 

Turner's (The) Companion; 

Containing Instruction in Concentric, Elliptic and Eccen- 
tric Turning ; also various Steel Plates of Chucks, Tools 
and Instruments ; and Directions for Using the Eccentric 
Cutter, Drill, Vertical Cutter and Rest ; with Patterns 
and Instructions for working them. I'Jmo., cloth.. $1.25 

Weatherley (Henry). Treatise on the Art of 
Boiling Sugar, Crystallizing, Lozenge 
making. Comfits, Gum Goods, 

12mo ; * $2.0C 

Williams. On Heat and Steam; 

Embracing New Views of Vaporization, Condensation, 
and Expansion. By Charles Wye Williams. IUustrat.jd. 
8vo „.. Si'i.iO 



SOCIAL SCIENCE. 

THE WORKS OF HENRY C. CAREY. 



** I challenge the production from among the writers on political 
economy of a more learned, philosophical, and convincing speculator 
on that theme, than my distinguished fellow-citizen, Henry C, Carey. 
Tlie worlcB he has published in support of the protective policy, are 
remarlcable for profound research, extensive range of inquiry, rare 
logical acumen, and a consummate Itnowiedge of history." — Speech 0/ 
Hon. Edward Joy Morris, in the HoMse of BespresemaHves of the United 
Slates, February 2, 1859. 
20 
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THE WORKS OF HENRY C. CAREY. 

" Henry O. Carey, the beat known and ablest ecnuomist of North 
AmerlGa. • • * • • In Europe he ie principally known by hla 
atriking and original attacks, based upon the peculiar advantages of 
American experience, on some of the principal doctrines, espebialljr 
Malthus' ' Theory of Population' and Rlcardo's teachings. Hja views 
have been largely adopted and thoroughly discussed in Europe."— 
" The German PolUical Lexicon," Edited bu BlwnticlM and Brater. Leipsic, 
1838. 

" We believe that your labors mark an era in the science of political 
economy. To your researches and lucid arguments are we indebted 
for the explosion of the absurdities of Malthus, Say, and Ricardo, in 
regard to the inability of the earth to meet the demands of a growing 
population. American industry owes you a debt which cannot be re- 
paid, and which it will ever be proud to acknowledge. — From a Letter 
of Hon. George W. ScrantoUf M. C., Hon. William Jesavp, and over sixty 
injluential ciHsens of Luzerne GowUy, Pennsylvania, to Henry C. Carey, 
Apra 3, 1869. 

Financial Crises; 

Their Causes and Effects. 8vQ., paper 25 

French and American Tariffs, 

Compared in a Series of Letters addressed to Mens. M. 
Chevalier. 8vo., paper 25 

Harmony (TJie) of Interests; 

Agricultural, Manufacturing and Commercial. 8vo., 

paper 7«5 

Cloth $1.50 

*' We can safely recommend this remarkable work to all who wisli 
to investigate the causes of the progress or decline of industrial com- 
tn\uiitieB,"—Elackwoo<P8 Magazine. 

Letters to tlie Piesident of the United Stales. 

Svo., Paper 50 

Miscellaneous Works; 

Comprising "Harmony of Interests," "Money," "Let- 
ters to the President," "French and American Tariffs," 
and " Financial Crises." One volume, 8vo $3.00 

Money; A Lecture 

Before the New York Geographical and Statistical So- 
ciety, 8vo., paper 25 
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PRACTICAIi AND SCIENTIFIC BOOKS, 
THE WORKS OF HENRY C. CAREY. 

Past (The), the Present, and the Future. 

8vo $2.50 

12mo $1.50 

" FtiU of important facts bearing on topics that are now agitating 
all Europe. « « * These quotations will only whet tlie appetite 
of the' scientific reader to devour the whole work. It is a book full of 
valuable information."— Btonomi*/. 

*' Decidedly a book to be read by all who take an Interest in the pro- 
gress of social science." — Spectator. 

*' A Southern man myBelf, never given to tariff doctfines, I confess to 
have been convinced "by his reasoning, and, thank Heaven, have not 
now to learn the diiference between dogged obstinacy and consistency. 
* Ye gods, give us but li^t t' should be the motto of every inquirer 
after truth, but for far different and better purposes than that which 
prompted the exclamation,'' — 7%e late John S. Skinner. 

" A volume of extensive information, deep thought, high intelli- 
gence, and moreover of material utility." — London Morning Advertiser. 

" Emanating from an active intellect, remarkable for distinct views 
and sincere convictions." — Britannia. 

" * The Past, Present, and Future.' is a vast summary of progressive 
philosophy, wlierein he demonstrates the benefit of political economy 
in the onward progress of mankind, which, ruled and directed by over- 
whelming Influences of an exterior nature, advances little by little, 
until these exterior influences are rendered subservient in their turn 



to increase as much as possible the extent of their wealth and riches. 



tJ 



^Dictionnaire Vniversel des Gontemporains. Par G. Vapereau. PariSf 

185S. 

Principles of Social Science. 

Three volumes, 8vo., cloth j$10.00 

CONTENTS.— Volume I. Of Science and its Methods— Of Man, 
the Subject of Social Science — Of Increase in the Numbers of Mankind 
—Of the Occupation of the Earth— Of Value— Of Wealth— Of the For- 
mation of Society — Of Appropriation—Of Changes of Matter in Place 
— Of M ■ hanical and Chemical Changes in the Forms of Matter. Vol- 
ume II. Of Vital Changes in the Form of Matter — Of the Instrument 
of AsBOcation. Volume III. Of Production and Consumption— Of 
Accumulation- Of Circulation — Of Distribution — Of Concentration 
nnd Centralization— Of Competition — Of Population — Of Food and 
Population— Of Colonization— Of the Malthusian Theory— Of Com- 
merce— (5f the Societary Organization — Of Social Science. 

*' I have no desire here to reproach Mr. Malthus with the extreme 
lightness of his scientific baggage. In his day, biology, animal and 
vegetable chemistry, the relations of the various portions of the hu- 
man organism, etc. etc., had made but little progress, and it is to the 
general ignorance in reference to these questions that we must, as I 
think, look for explanation of the fact that he should, with so much 
tonfldence, in reference to so very grave a subject, have ventured to 
suggest a formula so arbitrary in its character, and one whose hollow- 
ness becomes now so clearly manifest. Mr. Carey's advantage over 
him, both as to facts and logic, is certainly due In great part to the 
progress that has since been made in ail the sciences connected with 
lif*-; but then, how admirably has he profited of them 1 How entirely 
is *ie flw courarU of all these branches of knowledge which, whether 
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THE WORKS OF HENRY C. CAREY. 

directly or indirectly, bear upon his subject ! With what skill does he 
ask of each and every of them all that it can be made to furnlBh. 
whether of facts or arguments ! With what elevated views, and 
what amplitude of means, does he go forward in his work I Above 
all, how thorough in his scientific caution 1 Accumulating inductionsi 
nnd presenting Tor consideration facta the most undoubted and proba 
bilitiea of the highest kind, he yet affirms nothing, contenting himself 
with showing that his opponent had no good reason for affirming the 
nature of the progression, nor the time of duplication, nor the gene- 
ralization which takes the facts of an individual case and deduces 
from them a law for every race^ every climate, every civilization, 
every condition, moral or physical, permanent and transient, 
healthy or unhealthy, of the various populations of the many coun- 
tries of the world. Then, having reduced the theory to the level of a 
mere hypothesis, he crushes it to atoms under the weight of facts."— 
M. De Fontenay in the "Journal dea EcoTtomistes.*^ Paris, September, ISffiS. 

" This book is so abundantly full of notices, facts, comparisons, cal- 
culations, and arguments, that too much would be lost by laying a 
part of it before the eye of the reader. The work is vast and severe 
In its conception and aim, and is far removed from the common run 
of the books on similar subjects." — II Mondo Letterario, Turin. 

" In political economy, America is represented by one of the 
strongest and most original writers of the age, Henry C. Carey, of 
Pliiladelphia. ***#.******» 

" His theory of Rents is regarded as a complete demonstration that 
the ])opular views derived from Ricardo are erroneous j and on the 
subject of Protection, he is generally confessed to be the master- 
thinker of his country." — Westminster Review. 

*' Both in America and on the Continent, Mr. Henry Carey has ac- 
quired a great name as a political economist. * « * * • 

" His refutation of Malthus and Ricardo we consider most triumph- 
ant." — London Critic. 

" Mr. Carey began his publication of Principles twenty years ago ; 
he is certainly a mature and deliberate writer. More than this, he is 
readable : his pages swarm with illustrative facts and with American 
instances. •*••♦•••**»• 

" We are in great charity with books which, like Mr. Carey's, theo- 
rize with excessive boldness, when the author, as does Mr. Carey, 
possesses information and reasoning power." — London Athenamm. 

" Those who would fight against the insatiate greed and unscrupu- 
lous misrepresentations of the Manchester school, which we have fre- 
quently exposed, without any of their organs having ever dared to 
make reply, will find in this and Mr. Carey's other works an immense 
store of arms and ammunition. *#»****« 

" An author who has, among the political economists of Germany 
and France, numerous readers, is worth attentive perusal in Eng- 
land." — LoTidon ^atesman. 

" Of all the varied answers to the old cry of human nature, * Who 
win show us any good ?' none are more sententious than Mr. Carey's. 
He says to Kings, Presidents, and People, * Keep,the nation at work, 
and the greater the variety of employments the better.* Hie is seek- 
ing and elucidating the great radical lawe of matter as regards man. 
He is at once the apostle and evangelist of temporal righteousness." 
•^National Intelligencer. 

" A work which we believe to be the greatest ever written by an 
American, and one which will in future ages be pointed out as the 
mdst successful effort of its time to form the great scmUia scientiarwn." 
—Philadelphia Evening BvMetin. 
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ITIACTIOAL AND SCIENTIFIC BOOKS, 
THE WORKS OF HENRY C. CAREY. 

The Slave Trade, Domestic and Foreign; 

Why it Exists, and How it maybe Extinguished. 12mo., 
cloth $1.50 

COWTENTS.— The Wide Extent of Slavery— Of Slavery in the 
British ColonieB— Of Slavery In the United States — Of Entanclpatioa 
in the British Colonies — How Man 'passes from Poverty and slavery 
toward Wealth and Freedom — How Wealth tends to Increase— How 
Labor acquires Value* and Man becomes Free — How Man passes from 
"Wealth and Freedom toward Poverty and Slavery— How Slavery 
grew, and How it Is now maintained in the West Indies— How Slavery 

frew, and is maintained in l3ie United States — How Slavery grows In 
ortugal and Turkey — How Slavery grows in India — How Slavery 
grows in Ireland and Scotland— How Slavery grows in England — 
How can. Slavery be extinguished 1— How Freedom grows in Northern 
Germany — How Freedom grows in Russia — How Freedom grows in 
Penmark — How Freedom grows In Spain and Belgium — Of the Duty 
of the People of the United States— Of the Duty of the People of Eng- 
land. -• 

" As ft philosophical writer, Mr. Careyls remarli;able for the union 
of comprehensive generalizations with a copious induction of facts. 
His research of principles never leads him to the neglect of details , 
nor is his accumulation of instances ever at the expense of universal 
truth. He is, doubtless, intent on the investigation of laws, as the 
appropriate aim of Science, but no passion for theory seduces him 
into the region of pure speculation. His mind is no less Ifistorlcal 
than philoBophicaL and had he not chosen the severer branch in 
which his studies have borne such excellent fruit, he would have 
attained an eminent rank among the historians from whom the litera» 
ture of our country has received such signal illustration.'* — New York 



French Politico-Economic Controversy, 

Between the Supporters of the Doctrines of Cakey and 
of those of KiCAKDO and Malthus. By MM. De Pontenay, 
Dupuit, Baudrillart, and others. Translated from the 
"Journal des Eoonomlstes," 1862-63. (,In press.) 

Protection of Home Labor and Home Produc- 
tions 

Necessary to the Prosperity of the American Farmer 
By H. C. Baird. Paper. I3 

Sfflitli. A Manual of Political Economy. 

By E. Peshine Smitt. 12mo., cloth $1.25 
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